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This study was undertaken in the Kempsey Shire 
area from June 1979 to March, 1980, while the 
author was employed by the Durri Aboriginal 
Medical Service. The study was done outside 
working hours, and is the work of the author 
except where due acknowledgement is given to 
the work or help of others. 
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INTESTINAL PARASITES IN AUSTRALIAN ABORIGINES 
OF THE KEMPSEY SHIRE 
Surrmary 
A survey of Aborigines in the Kempsey Shire revea_l ed a 
hfgh intestinal parasite rate. (62.8%) Worm loads 
were moderate for Ascaris and moderate to heavy for 
Trichuris. Overall, nine different types of parasites 
were found in the area. Eight of these parasites were 
considered pathogenic, and one (Entamoeba coli) was 
considered a commensal. 
Parasite rates were higher in children under fifteen 
years of age, with the highest prevalence in the three 
to five year age group. However, Trichuris trichiura 
and Entamoeba coli were spread over all age groups 
up to 65. Ascaris lumbricoides was not found in 
persons 25 years of age and over. There was a high 
rate of multiple infestations, (65% of those who 
had parasites). 
Trichuris was the most prevalent intestinal parasite 
(56.7%). Ascaris was next most common (19.6%), followed 
by H.nana (16.1%), E. coli (13.9%),Giardia lamblia (6.6%). 
One person who had returned from a brief stay in 
Queensland had Hookworm. One five year old had 
H.diminuta. There was a low rate for Enterobius 
vermicularis (0.8%), but this does not reflect the true 
prevalence of the parasite as only stools were examined. 
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Strongyloides was found in one boy of twelve. 
Females were affected more than males, although the 
difference was not statistically significant. Greenhill 
Settlement had the highest overall prevalence of 
parasites. It also had the highest rates for Ascaris, 
Trichuris and Giardia. 
There was no relationship between the condition of the 
house, (that is the state of repair and tidiness 
outside and inside) and infestation of the household 
with parasites. However, there was a relationship 
between infestation and overcrowding. The educational 
level, attitudes to worms, and the presence or absence 
of alcoholism in the household did not affect parasite 
rates. 
' 
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I. INTRODUCTION 
1.1 Rationale 
The Kempsey Shire on the New South Wales (N.S.W.) 
North Coast has a relatively large Aboriginal 
population - 761 in the 1976 census. This 
study examines the prevalence of intestinal 
parasites in the Kempsey Shire Aborigines and 
provides a base line for comparison with other 
areas. In addition, the study examines aspects 
of the community and environment such as housing, 
sanitation, health education, employment, wearing 
of shoes, etc., which may s~ggest reasons 
underlying parasite prevalences. 
Alimentary parasites of varied sorts, especially 
Roundworms, Hookworms, and Giardia, have been 
recognised as a problem in Aboriginal children. 
(Welch, 1969; Jose, 1970; Moodie, 1973, and others ••. ) 
A Department of Public Health survey in 1958-9 
of the North Coast of N.S.W. found 64% prevalence 
of Roundworms in Burnt Bridge, near Kempsey. 
There was an overall prevalence of 67% Whipworms 
on the North Coast. The high rate of Roundworm 
infestation in this earlier study indicates a 
major public health problem. 
-14-
Since then, no studies have been undertaken 
in the Kempsey area, Macleay Valley or Mid-
North Coast, though unpublished surveys had been 
carried out in the Upper-North Coast. 
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Definitions 
1.2 Aborigine 
An Aborigine is defined as "any person of 
Aboriginal descent identified as such by self 
or community". (Moodie P.M., Hausfeld R.G. 
Frith N.C.;- Coasttown Project). Though most of 
the study population in Kempsey could be 
described as part-Aboriginal, on the basis of 
having some non-Aboriginal ancestry, they all 
have Aboriginal descent and identify themselves 
and are accepted by the community as Aboriginals. 
Aborigine as used in the text will therefore 
follow the definition of Moodie et al. 
Australian Aborigine refers to the indigenous 
or original people of Australia- usually 
called Aborigines. The Aboriginal population 
of Kempsey is put at 761 -- of whom 9 are 
officially classified as Torres Strait Islanders. 
(1g76 census). Aborigines make up about 5% of 
the Kempsey Shire, and 1% of the total population 
of Australia. 
1.3 Intestinal Parasites 
A parasite is an organism that lives off another 
living organism and contributes nothing of 
benefit to the host. Human intestinal parasites 
spend their adult lives living in the guts of 
people and eating the contents or sucking blood 
from the wa 11 s. 
-17-
The parasite may be harmless to the host or 
it may cause harm either by its usual location 
in the host's body, its means of obtaining 
nutrients, waste products, or its lodgement 
in abnormal sites. For example a Roundworm 
may be relatively harmless in a host who is 
well fed, because the worm eats a minute 
portion of the host's diet. However, if the 
worm migrates into the bile duct it could 
cause considerable harm. Many worms in an 
undernourished person could take enough 
nutrients to disable him further. A mass 
of Roundworms may obstruct the gut. 
A harmful parasite is termed "pathogenic". 
-18-
KEMPSEY 
Area Description 
a) Situation 
· The town of Kempsey is situated on the North 
Coast of New South Wales 455 km north of Sydney. 
It is the main town of the Macleay Valley area 
which extends from Crescent Head in the South to 
Stuarts Point in the North, as far West as Bellbrook, 
and the sea on the east. The town is built around 
a bend in the Macleay River, 35km from where the 
river enters the Pacific Ocean, and on the route 
of the Pacific Highway, halfway between Sydney 
and Brisbane. The Kempsey Shire, which extends 
further north to Grassy Head, south to Point 
Plomer, and west to Lower Creek, covers a total 
area of 330,893 hectares. (Figs. 1,2). 
b) Topography 
The Macleay River around which Kempsey is built extends 
160km inland, from Trial Bay almost to Armidale. 
The valley of the Macleay is flanked by hills, which 
upstream have steep and narrow ridges, but downstream 
become low and rounded. The highest, most rugged 
terrain in the region inc 1 udes the Doughboy Range 
(between the Clarence and Macleay Basins) - which 
exceeds 1525m (5000ft.) above sea level. It is marked 
by cliffs, waterfalls and precipices. 
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The hill slopes have sub-tropical rain forests. 
Below the foothills are floodplains which extend 
for up to 19km from the coast. These are areas 
of natural levees with well drained soils. The 
rich forest soils are derived from weathered 
basalt, and also alluvium carried downstream 
and deposited in times of flood. A delta is 
formed where the river enters the sea. This 
area is characterised by heath covered sand 
dunes, long sandy beaches separated by rocky 
headlands, 1 a goons, offshore reefs, rock outcrops 
and small islands. 
c) Vegetation 
Much of the Macleay Valley is covered by mixed 
eucalypt forest on the steep slopes. In large 
areas of the lower valley, much of the original 
vegetation has been cleared, mainly for grazing. 
Of the eucalypt hardwoods, the most important 
commercially is Blackbutt (Eucalyptus pilularis). 
Others are white mahogany, grey gum, tallowwood, 
and brushbox. 
Previously, red cedar was prominent in the area. 
More recently, poplar trees have been planted at 
many locations in large commercial quantities for 
making matches. Principal crops grown are maize 
and potatoes. 
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d) Climate 
Kempsey has a sub-tropical climate. The annual 
rainfall is 965mm. 
However, there is marked seasonal variation in 
rainfall. March is the wettest month. The lowest 
~rainfall has been 497mm, in 1902. 
West Kempsey, which has an elevation of 9.45m 
(31ft), has had temperatures recorded for 40 years. 
The highest temperature on record was 46.7°C, and 
the lowest -8.9°C. The mean maximum temperature 
is 25.5°C, and the mean minimum is 11.8°C. Proximity 
to the ocean influences summer temperatures in Kempsey, 
its maximum being slightly lower and i~ minimum 
slightly higher than at Bellbrook further inland. 
Average humidity is 70.5%. Winds in the Macleay Valley 
are light except for periodic cyclonic depressions. 
The rugged terrain acts as a buffer preventing inland 
wind penetration, though Kempsey is less sheltered. 
In summary, the area is warm and humid. Rainfall is 
high but variable, and temperatures are moderate 
with relatively long but variable frost-free periods 
each year. 
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e) fopulation 
There are 17,800 r.eople living within the Kempsey Shire. 
The population of the Macleay Valley is about 12,000. 
Kempsey has 9,100 people, with 461 people listed as 
Aboriginal in the 1976 census. This figure has been 
considered by many as conservative, but it has been 
·.difficult to get a more accurate estimate of Aborigines 
in the area. 
The rate of natural increase in the Kempsey Area is 
low, with emigration comparatively high. The young 
people leave the area mainly because there are not 
enough jobs for everyone. The age distribution of 
people is quite similar to that of the rest of N.S.W. -
a fairly uniform pyramid - except for a preponderance 
of under 15 year olds. This reflects the trend of 
young people leaving the area after secondary school. 
The population pyramid for the Aboriginals of Kempsey 
shows a broader base sharply peaking to the top. Most 
people are under 30. 
f) Economy 
The economy is based mainly on agriculture, with dairy 
beef cattle produced on the rich alluvial land of the 
lower Macleay. The Nestle Company and Dairies factories 
' ., 
manufacture dried milk, "Milo", baby foods, cheese, 
casein, and associated dairy products. 
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The mountain range country produces large quantities 
of top grade hardwood and softwoods which are 
processed by sawmills in and around Kempsey. 
Poplar growing is increasing. 
Fishing is important in the area, both for business 
and for sport. 15% to 25% of fish caught is sold 
locally. The main types of fish are: schnapper, 
cod, perch, tuna, mulaway, king fish, travelly, 
samson, whiting, mackeral, mullet, tailor, shark and 
leather jacket. There are also prawns, lobsters 
and crabs. Fishing trawlers operate from the 
Macleay River at Jerseyville near the river entrance, 
and catches are marketed through a fisherman's 
co-operative. 
Manufacturing firms - Akubra (Hat manufacture), 
King Gee (Clothing manufacture) and Clark Brick 
(Brick manufacture) have factories in Kempsey. 
Excellent beach resorts surround Kempsey - Crescent 
Head, South West Rocks, Hat Head, and attract 
visitors to the area. 
Unemployment in Kempsey is relatively high. In 1976, 
registered unemployed totalled 328. With a labour 
force of 3167 this gives a percentage unemployed 
of 9.4% - higher than the national average of 6%. 
Kempsey Aboriginals however have a much higher 
unemployment rate. In 1976, 60% of Aboriginal 
labour force was unemployed, (Census data). 
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The main occupations of the workforce are primary 
production, manufacturing, and commerce, in order 
of importance. 
g) Services 
With the Pacific Highway passing through it, Kempsey 
is easy to get to by road. A train service also 
operates connecting it to Sydney and Brisbane. 
There are air flights on weekdays. Telephone 
services, radio stations and television are 
available. 
Reticulated water comes in a district supply system. 
Over 95% of Kempsey is sewered. Some of the older 
areas use pan toilets. 
Electricity is available from the County Council. 
Kempsey District Hospital (KDH) is a general hospital 
serving the Macleay Valley and surrounding areas. 
It has almost 200 beds. Durri Aboriginal Medical 
Service which caters mostly for Aborigines has 2 
doctors, plus health workers and nurses. There is 
also a private medical centre in town for private 
practitioners. Apart from doctors resident in the 
town there are visiting specialists, 2 dentists and 
2 optometrists living in the town. 
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Kempsey and Macleay River - from lookout. 
Kempsey Town - a view from Smith Street, Pacific Highway. 
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The Community Health Centre complements the hospital, 
and also has a family planning service. An 
alcoholic rehabilitation centre (Benelong's Haven) 
is at Kinchela. Modelled on Alcoholics Anonymous, 
it is run by and caters mainly for Aborigines. 
·There are Primary and Secondary schools. The 
majority of students seeking tertiary education go 
to the University of New England, Armidale,or Teachers 
College. 
flotels, motels and caravan parks are available for 
tourists. 
Other services include a Youth and Community 
service, Legal Aid service, 2 Post Offices, 
Police Station. 
h) History 
Kempsey derives its name from its founder Enoch 
William Rudder, a Sydney cedar merchant who 
originally came from Birmingham, England. In 1835 
he settled in the Macleay and named Kempsey after a 
town of the same name in a beautiful valley in 
Worcestershire, in his native England. 
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White settlement in Kempsey is linked with the 
discovery of the Macleay River. The first European 
name bestowed on the district was Smoky Cape, named 
by Captain Cook when he observed smoke from the Range 
as he sailed by in 1770. Neil (1972) considers 
this could have been smoke from Aboriginal camp 
sites near the ceremonial ground. Trial Bay, 3 miles 
north of Smoky Cape, got its name when a group of 
convicts who had seized the ship "Trial" from 
Sydney were wrecked in the bay in 1816. In 1829, 
the explorer John Oxley discovered the area of Port 
Macquarie. A penal settlement was later established 
there. Oxley had come to the mouth of the Macleay 
but had been prevented by SWamPS and marshes from going 
further and gave an unfavourable report of the area. 
In 1826, the story of a river 25 miles to the north 
was received from an Aboriginal named Mooney. An 
expedition under Captain Wright, and Mooney as guide, went 
up the Maria River and finally found the Macleay river. 
It was first called Wrights river, then Trial River, the 
New or J1cleay River, and later Macleay, after Alexander 
Macleay who came from England as Colonial Secretary. 
, I 
There was a lot of red cedar in the area which drew 
Enoch Rudder and a lot others there. Port Macquarie 
was declared to be no longer a penal colony 4 years 
later, and all the settlers were freed. The desire of 
possessing land attracted some to the Macleay. 
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Kempsey's population grew. The main occupation was 
cutting the mahogany-like red cedar (Toona australia) 
which abounded in the valley at the time together 
with other hardwoods. The logs were floated downstream 
to Trial Bay. Between 1820 and 1890, all the 
accessible cedar was cut out. 
Other attractive species were silky oak (Grevillea 
robusta) for its attractive grain and texture; 
blossoming coachwood (Celatopelatum opelatum); 
white beech (Gmelina leichardtie); and hoop pine 
(Araucoria cunninghanii). 
Ship building was carried on extensively, and a 
saw mill was built at Stuarts Point. 
In 1855, a track was cut to Armidale linking this 
earlier settlement with Kempsey. In time the 
Pacific Highway passed through Kempsey and it 
became a commercial centre. The earlier farms 
cultivated maize, which grew very well on the rich 
alluvial soil, and was a staple as well as cash crop. 
Floods have been a feature of Kempsey life, when the 
Macleay River overflows its bank. Major floods with 
damage to land and property occurred in 1864, 1949 
and June 1950. 
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The maize growers in the valley suffered heavy 
losses in the 1864 floods. Coupled with this there 
was a depression in the Sydney maize market, so 
attention was directed to a new crop, sugar cane. 
Other crops grown were potatoes, pumpkins and 
oranges. Sugar cane became a major industry 
around Tweed Heads, but south of the Clarence 
River it was not prominent. 
Dairy farming became predominant from 1900. 
Cheese and butter were shipped to Sydney from 
small factories. Beef cattle grazing, and 
pigs and poultry farming were also important 
industries and occupations. 
Mining became a source of employment when Antimony 
was discovered in the Mungay Creek, 25 miles west 
of Kempsey, in 1887. 
Bananas, introduced from Queensland in the 1920's 
gained importance when the "bunchy top" virus 
crippled the Queensland industry. 
Dairy farming decreased due to rising costs and 
falling returns, and young men left the area either 
because they could not manage their families with 
their income or could not find jobs. 
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The pattern seems to have continued, since Kempsey 
has not grown in recent years, having been overtaken by 
Taree and tourist centres like Port Macquarie and 
Coffs Harbour. 
After World War II, mining of limestone and marble 
·.began. Beach and sand-mining of rutile, ilmenite, 
zircon and morazite was also started. Rutile 
was particularly important in post-war technology, 
and in aeronautical industry. 
To prevent or lessen the extensive losses and 
disruption to normal living caused by the river 
floods, a flood mitigation scheme was launched 
in 1954. Additional rainfall and river gauges 
were installed at key points on the upper Macleay 
River to he 1 p supp 1 ement f1 ood forecasting. 
Rebuilding of homes hit by the 1949-1950 flooding 
was not allowed. Instead the area was made into 
sports and recreation grounds. Residential areas 
were expanded on the higher ground. 
The town has subdivisions of East, West and South 
Kempsey. Central Kempsey which was hit by floods 
was not rebuilt into a residential area. 
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A group of Aborigines who are bu il ding brick 
houses in Burnt Bri dge for the Aborigi nal 
Co-opera t ive , Ngaku . 
House of Aboriginal family in Kempsey Town. 
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HISTORY OF ABORIGINES IN KEMPSEY 
Evidence exists that the Aborigines inhabited the 
Macleay Valley area about 11,000 years ago. Ancient 
camp sites with shell beds, mostly grass covered, have 
been found in the Clybucca area. Neil writes that 
Professor Cotton stated that the shell bed mounds 
were Aboriginal kitchen middens accumulated about 
11,000 years ago, and abandoned between 3,000 and 
5,000 years ago when the sea level receded ten to 
fifteen feet. Similar ancient deposits are found 
in other inland areas of the valley. Stone implements 
with origins in antiquity have also been found near 
Clybucca. Archeological discoveries in 1974 (at lake 
Mungo) indicate that Aborigines were in New South Wales 
about 40,000 years ago. 
The largest part of the valley was occupied by the 
Danggadi tribe, together with subtri bes or groups. 
Watson described the tribes as Wabro, who had encounters 
with the whites, Yarrahappini, Clybucca, Calliteeni or 
Kempsey, Yarra-Bandini, Munga and Cunderang. Neil 
considers that the names of the tribes were not accurately 
reported by early observers. It seems that area names 
were used to group some, judging from a tribe being 
referred to as "Kempsey". 
'I 
The language spoken by Aboriginals in the Kempsey area 
was Ngaku, a probable dialect of Dhan-gadi.+Today, however 
English is spoken by everyone and only few can speak their 
native language. 
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Macleay Valley Aborigines were described as "harmless and 
inoffensive" by Commissioner Massie in 1843. However 
there were hostilities between whites and Aborigines. 
These usually occured when food supplies or the traditional 
way of life were interfered with or when Aborigines took 
cattle or sheep from the farms of the whites. The number 
of Aborigines in the area had decreased by 1843. 
Not much is known of the social, religious and cultural 
life. Neil states that for fifty years after white 
settlement, the Aboriginals continued their nomadic way 
of life*, small groups settling at camp sites on the 
outskirts of settlements for brief periods then moving 
on again. Some areas such as Pelican Island and the 
two Fattorini islands were reserved for them, where large 
numbers lived. 
Food was plentiful. The men hunted kangaroos, wallabies, 
possum, koalas and caught fish, shellfish and "cobbera" 
(a bivalve mollusc that lives in dead trees by river banks -
similar to the shipworm in Europe). The women gathered 
honey, fruit, seeds and edible roots, stems and leaves. 
Birds were snared •. In 1883 an Aboriginal Reserve was 
gazetted in Kinchela, and in 1885 another near Bellbrook. 
In 1898 a third Reserve was established in Burnt Bridge • 
*A "limited nomadism," with each tribe having an area 
usually not more than 20 miles diameter, which they 
rarely left. Hunting and fishing places had marked 
boundaries.(Gardner, 1854) 
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The Kinchela Boys Home was established on the Kinchela 
Reserve in early 1930. "These Reserves were regarded 
as a refuge where Aboriginals could live undisturbed, 
following their own way of life". (Neil, 1972). With 
the replacement of the Aborigines Protection Board in 
1939 by the Aborigines Welfare Board, the original 
poficy changed. "The Reserve became virtually housing 
settlements from which Aboriginals could go to work 
daily. Residence on the Reserve was from choice and 
any family who wished to could move into town to 1 i ve" 
(ibid). 
Many local Aborigines moved into Greenhill, and many 
moved to Sydney in the 1960s. As the building programme 
of the Housing Commission of N.S.W. on behalf of the 
Aborigines Welfare Board developed, and more Aborigines 
moved into Greenhill and Kempsey homes, or moved away 
from the district, the number living at Burnt Bridge 
declined rapidly. Today most of them live in Greenhill. 
+rh~e i~ con~ove~y among local Abo~gineo aboat the 
inte!tp!tetation o6 "Ngalw" The WJtLt~ WM told that Mme 
~bat etde~ accept U M a dialed o6 Vhan-gadi, wheJteM 
oth~ ~ay "Ngaku" WM a woJtd uoed to indicate people 
one could not ~u6t, and WM theJte6o~te not a language in 
"Ngaku" whateveJt La ~ue meaning hM a place in contempo!ta!ty 
Kemp~ey Abo~ginai fi6e, M the name o6 a Co-op~ative 
,i_nvo.tve.d in Abo~ginat hou6ing. 
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1.4 Scope of Study 
This study covered a period of ten months 
which was part of a year in which I was a 
medical officer with the Durri Aboriginal 
Medical Service (Durri A.M.S.) in Kempsey 
mid-north Cost of New South Wales. Aboriginal 
communities of Kempsey town, Greenhill, Burnt 
Bridge, and Mirriwinni Gardens were surveyed. 
A proposed survey of Bellbrook had to be 
abandoned. Restraints of time and distance 
combined with lack of co-operation from the 
people were the reasons for not surveying 
this area. Being 48 kilometres from Kempsey, 
Bellbrook was visited once a week by the medical 
staff of Durri A.M.S. The resident Health 
Worker had therefore been given the task of 
collecting specimen~~ and conducting interviews 
at the Reserve. However, a section of the people 
were not on favourable terms with the Health 
Worker, and refused to take part in the study. 
For a period of more than two months, stool 
specimens were not obtained from those who had 
agreed to take part in the study and had received 
specimen containers. It was even harder to 
conduct interviews. The writer was able to 
interview only one householder; attempts to 
interview other households were interpreted by 
the occupants as invading their privacy. 
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Aboriginal Health 
The health status of Aboriginals has been lower than 
the rest of the Australian population. The brunt 
of this ill-health is borne especially by the children. 
Diseases affecting the young ones are mainly respiratory 
infections (including pneumonia), ear infections, 
gastroenteritis, and worm infestations. 
Aborigines were noted to be tall and healthy by 
early settlers. Important endemic diseases were 
trachoma and yaws. (Abbie, 1966). There were no 
mentions of worm infestation in early records so it 
is difficult to assess whether it was prevalent at the 
time of European contact. But one can speculate that 
due to their traditions of shifting camps (often to 
follow food sources}, contaminated soil was clear of 
worm eggs by the time the tribe was back to the 
original camp site, or the eggs did not mature before 
the tribe left the camp. It may be fair to say that 
the chances of infection and re-infection were probably 
less in the nomadic conditions than in permanent 
residences. 
Introduced diseases like influenza and smallpox, against 
which they had no resistance, were a cause of high 
mortality among the Aborigines. However, the high rate 
of morbidity among them at the present time cannot be 
blamed on "lack of resistance to introduced diseases" 
alone. More importantly perhaps are other factors like 
diet, housing and sanitation, provision and use of health 
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services, and alcoholism. Traditional Aboriginal diet 
had provided protein from meat and nuts, and carbohydrates 
from berries and roots. Doctor Duguid (1972} points 
out that much of Aboriginal ill health was due to replace-
ment of Aboriginal diet with the white man's tea and 
sugar. 
Dwellings of Aborigines have generally been of low 
standard, and without adequate sanitary facilities. 
Houses have been overcrowded. 
Hospitals have not been favourite places for sick 
Aborigines. On the one side there has been a fear of 
hospital environment by Aborigines, and on the other 
side, hospital personnel have not always welcomed 
an Aborigine to hospital. The result has been that 
Aboriginal patients did not present for treatment 
till they were in advanced stages of illness. 
Alcoholism has been a cause of ill health or has 
contributed to it in many Aboriginal communities. 
It is both a physical disease and a social one, for 
as in most situations in which alcohol is consumed in 
excess, it may be a symptom of frustrations and 
disillusion continually repressed. 
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Aboriginal Health in Kempsey 
The health status of Aboriginals here follows the 
pattern of Aborigines in other parts of Australia -
it is worse than in the rest of the population. 
In "children the main diseases are:-
1. Gastroenteritis - affects mainly younger children 
and babies. In babies it is usually due to feeding 
problems such as mother giving the baby the 
wrong mixture of food, or due to contamination of 
food by bacteria. Lactose intolerance with or 
without Giardia infection also produces diarrhoea. 
Viral infections and worms may also present as 
gastroenteritis. 
2. Chest troubles - this usually starts off as an 
upper respiratory infection and ends up as a 
pneumonia. Some small children have chronic 
chest troubles. True asthma exists in a few 
families, but there are a lot' ofl!wheezy chests 
which are due to Ascaris pneumo~tis - which clears 
with worm treatment. 
3. Ear Infections - Middle ear infections following 
throat infections are very common. Most children 
have some scarring of the ear drums. Infections 
of the external ear canal are also common. The love 
of children for swimming in the creeks most days 
probably contributes to this type of infection. 
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4. Worm infestation - A common condition which may 
present with symptoms or be found on incidental 
examination of stools or may be self evident when 
a bunch of worms are passed by a child. Roundworms 
are common in children. 
5. ·Skin Infections - Ringworm affects the body and 
scalp. The prevalence of head lice has been reduced 
by the regular use of Quellada shampoo supplied by 
Durri Medical Service. Other skin problems are boils 
and septic sores. 
6. Tooth Decay - The teeth of many children are carious. 
This may be related to the frequent eating of candy, 
and the fact that the water supply in Kempsey has 
no fluQride added to it. 
In the adults, alcoholism must be mentioned as a 
disease which is a root cause of other diseases 
and problems. It is not unrelated to the socio-
economic conditions of the people. Alcohol-related 
diseases include gastritis, pancreatitis, cardiomyopathy 
leading to heart failure, neuropathy and brain damage. 
In addition the home is neglected with consequences 
especially for the young. Methyl alcohol is mixed with 
wine and drunk by some young people:l a potential cause 
of blindness. 
Chronic bronchitis, diabetes, hypertension, and a fungus 
infection (tinea versicolor) are other afflictions 
of adults. 
-40-
THE WORM PROBLEM 
Worms and other parasites add to general debility 
and favour the development of other diseases. 
Giardia, formerly considered a harmless commensal, 
is known now to cause intestinal malabsorption and 
th~s contribute to malnutrition. The whipworm, which 
was considered to be insignificant in low burdens is 
now believed to contribute to a host of diseases, 
inc 1 udi ng heart fai 1 ure. ( Getz, ~ 1945 and 
Davison, 1979). 
These common intestinal parasites therefore need to 
be taken seriously. However, as Hausfeld points out, 
some Aboriginal mothers regard having worms as part 
of growing up(Hausfeld, 1977). 
The problem of intestinal parasites is not limited to 
ill health in individuals but reflects the general health 
of the community. Roundworm and whipworm, for example, 
are propagated through the soil - which remains 
contaminated for months or years, acting as a long-term 
source of infestation. 
Since the source of contamination of the environment is 
human faeces, public health measures such as adequate 
disposal of faeces will help to eradicate the parasites. 
However, there are other aspects of living not directly 
related tosanitation which must be considered when dealing 
with this problem. For example the economic status of the 
community, education, and their beliefs and attitudes to 
health and disease. 
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Attempts At Solving The Worm Problem 
Two programmes and an event concerning the health of 
the Aboriginal people of Kempsey in relation to the 
worm problem are as follows:-
1. Roundworm Programme 
In 1g6o, the Aboriginal Welfare Board (AWB) 
started a 10 year programme to eradicate 
Roundworms. This followed a survey in 
1959 which showed a high prevalence of 
Roundworms in the area. Burnt Bridge 
Reserve had an exceptionally high rate of 
Roundworms (64%). There was a lot of ill 
health among the Aboriginal children, and 
it was felt that most of the gastroenteritis 
and pneumonia in the North Coast Aboriginal 
children was worm-based. 
The theory behind the programme was that if 
the worms in the children were removed during 
the 10 years, only eggs in the soil: would be 
left to deal with. With improvement in housing 
I 
and sanitation the worm problem would be 
overcome. 
The piperazine (Entacyl) was administered to 
every child from 9 months to 14 months in 
designated areas between Newcastle and Coffs 
Harbour, and later Armidale. 
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Roundworm was made officially notificable, and 
children found with the worms were treated. 
Two to three days were spent in each area, and 
each area was revisited every 6 weeks. 
During the programme, there were for the first 
time , more whites than Aborigines in the 
Children's ward of the District Hospital. 
However, the programme was stopped round about 
1968 because the Public Health authorities 
felt that children should not be treated before 
examination of stools. The treatment was also 
considered to be expensive. 
Part of the success of the programme was that 
people were encouraged to move from Burnt .Bridge 
(where the soil was considered grossly 
contaminated by worm eggs) to the new settlement 
of Greenhill. 
2. Continuation Of Anti-Worm Treatment 
The practice of giving piperazine anti-helminti.c · 
against Roundworm to all Aboriginal children 
started by the Aboriginal Welfare Board in 1960 
and abandoned around 1968 was restarted and 
continued by Durri Abori~in'l Medical Service 
(see below) since its commencement in 1977. 
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Combantri n (against Roundworms, Hoo~~_o_r:!l_l_s_ and 
Thr.eadworm}is given to all its patients, and 
health workers distribute the medicine to 
mothers in their homes. All Aboriginal children 
attending the Community Health Clinic or who 
are admitted to the Kempsey District Hospital 
are also given Combantrin. 
3. Durri Aboriginal Medical Service 
Durri (meaning "well being" in the local 
Aboriginal dialect) was established in 1977 by 
a joint effort of the Aboriginal Medical 
Service (A.M.S.) in Redfern (Sydney) and local 
Aborigines. It is run by an all-Aboriginal 
Board, a paid Administrator and paid Health 
Workers. Only the doctors are non-Aboriginal. 
The objectives of the Durri A.M.S. are:-
a) Emphasis on preventive aspects of medicine . 
. 
Some areas of this policy are: Immunizations 
carried out on all Aboriginal children; 
mothers advised on nutrition for their 
children and family; anti helmintics 
regularly given to children; Vitamin C 
(noted to be deficient in Aboriginal 
children) is supplied daily in tablet form 
to all children attending the clinic. 
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b) Social outlook, concern and involvement in 
the problems of life in the community. All staff 
are available to discuss problems of the 
community or individuals outside of working 
hours. Staff also attend community meetings, 
festive activities and funerals. The Service 
takes the view that ill health in the community 
is the result of multiple factors, and should 
be treated as such. 
c) Health education of Aborigines - as Health 
Workers and also through teaching mothers to 
care for children. Mothers are encouraged 
I 
to treat their children at home (with medical 
advice), and are taught such skills as chest 
physiotherapy (e.g. postural drainage, breathing 
exercises, etc.) and preparing oral electrolyte 
fluid for children with diarrhoea. 
d) Field activities - carrying medical services to 
homes and to outlying areas. The service covers 
an area of abcut 50 kilometres radius from 
Kempsey. Its help reaches as far north as 
Nambucca Heads, south to Wauchope, and west to 
Bellbrook. In all, 13 areas are serviced. 
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The Aboriginal outlook of Durri A.M.S. 
gives it the confidence of the people. There 
has been an increase in Aboriginal people 
seeking medical help and seeking it earlier. 
No figures are available yet on this aspect 
but observation shows this trend. The number 
of children admitted to the hospital has 
dropped by a third in the last 2 years. 
The average number of days in hospital is 
also less (Copeman, 1980). 
' !! 
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Greenhill Aboriginal Settlement, Kempsey. 
Patient standing in front of clinic of Durri Aboriginal 
Medical Survice, Greenhi ll. (A new clinic has been built 
since picture was taken) On right is the Pre-school. 
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PRESENT SITUATION 
Previous to the above events, infestation with parasites 
had been very high. 
Nurses at the KDH have recounted tha~ "every Aboriginal 
child in the ward had worms". "Bundles of worms· passed 
by the children", "Roundworms coming out of the nose or 
vomitied by some children'; and even death from a case 
of Roundworm larvae in the brain of a child. 
The extent of Roundworm infestation is illustrated also 
in this story, by Sister Griffith, who took part in 
the A.W.B. programme against Roundworms in the 1960's. 
A child was brought to the sister by her mother from 
Hat Head. The child was cranky with no other symptoms. 
She was given worm medicine. The mother reported the 
child passed 80 Roundworms at one time. Adults were 
known at the time to occassionally vomit a worm, 
expecially when they had a cough. 
Other mothers have equally horrid stories of worm 
infestation, and attribute general debility of 
children to them. 
The Pathology Department of KDH has noticed a reduction 
in the number of intestinal parasites per person, and 
overall in Aboriginal children in the last three years. 
Though the parasite load and number of people affected 
seems to have declined, the rate of re-infestation seems 
high, judgin9 from hospital records and personal observation. 
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Mr. Warwick Snowden, the senior laboratory technician 
at KDH in a personal communication stated that the 
drop in intestinal parasite rate had been noted since 
the establishment of Durri A.M.S. 
In his recollections of the 1960's when he started 
work in Kempsey, 99% of all Aboriginal stools examined 
in the hospital had intestinal parasites. Most had 
at least 2 types of parasites, with some having up to 
7 types; 95% had Trichuris, 50% had Ascaris, about 
20% had H. nana, 20% had Strongyloides and more than 
10% had Giardia. Other parasites were Enterobius, 
Chilomastix mesnili and Enteromonas hominis. Four 
case~ of H. diminuta were seen in 10 years; no definite 
cases of E. histolytica had been seen. 
Hospital records now show much reduced parasite rates. 
Mr. Snowden estimates a parasite rate of 25-35%. Trichuris 
is still the most common intestinal parasite; next comes 
Ascaris followed by H. nana. 
Less than one in a hundred stools, hate Strongyloides, 
and Hookworm is rare. Table (1) shows the number of 
parasites isolated from all child in-patients in KDH 
from 1972 to 1979. 
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TABLE 1 
Alimentary parasites in children (both white and Aborigine) 
admitted to the KDH children's ward, 1972-1979. 
1972 1973 1974 1975 1976 1977 1978 1979 
Children's Ward 870 939 867 956 1088 792 900 727 Admissions 
Giardiasis 49 42 53 77 73 37 30 22 
Hyinenolepiasis 4 2 2 7 5 2 2 7 
Ancyclostomiasis 1 - 1 1 - - - -
Ascariasis 44 21 19 27 30 19 8 4 
Strongyloidi as is 15 36 5 9 1 4 2 3 
Trichuriasis 14 21 41 61 81 13 14 11 
~Mixed Helminthiasis 100 81 109 98 88 34 16 14 
Enterobiasis - - 1 1 1 5 4 7 
~-
-·--- '------- -- - -~-
* Hospital recorded stools with more than one parasite as mixed 
helminthiasis rather than recording each indivtdual parasite. 
The virtual absence of Hookworm in the hospital records (going 
back 8 years) and in the present study is significant especially 
as Hookworm had been present in substantial numbers in this area. 
Aboriginal mothers mention Hookworm as an affl i ction of their 
chi ldren in past years. An el derly retired nursing sister also 
remembers that Hookworm was prevalent in Kempsey 20-30 years ago. 
Dunn (1955) in a worm survey of the North Coast found a Hookworm 
rate of 46.4% in Aboriginal children and 1.6% in white children. 
Children from Greenhill settlement had a Hookworm rate of 61% and 
those from Burnt Bridge 56.5%. 
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S E C T I 0 N 1 1 
(THE STUDY) 
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THE STUDY 
Aim 
The study was conducted to determine the types of 
parasites which affect the Aboriginal people in the 
Kempsey Shire, the extent of infestation and the 
distribution of parasites in the community. 
Information was also sought on where and how the 
people live. In addition, their knowledge about the 
attitudes to worms were enquired about. 
The stated objectives were:-
To determine: -
1. The prevalence of intestinal parasites in Aboriginal 
people of the Kempsey Shire. 
2. The age groups which have parasites. 
3. The types of parasites. 
4. Which age groups are infested with which types of 
parasites. 
5. Whether there is an apparent age preference for infest-
ation of specific parasites, and the reasons why. 
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6. Difference in infestation rates between males and 
females. 
7. Whether any particular locality has higher prevalence, 
and why. 
8. Relationships between infestations, and housing and 
sanitation. 
9. Relationships with alcoholism. 
10. Beliefs and attitudes about health/disease/worms. 
11. Exposure to health education, attitudes to health 
education, and whether principles of disease control 
e.g. hygiene and sanitation, are understood; and 
whether the people are willing or not to apply these 
principles: and if not, why not? 
12. Whether shoes are worn by children. 
13. Symptoms associated with parasite infestation. 
14. Housing conditions, facilities - including toilets, 
water supply and sewerage. 
15. Eating habits - including washing hands. 
16. Economic and social conditions. 
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The Study Population 
Four areas were chosen :-
1. Greenhill settlement, population of approximately 
400. 
2. Burnt Bridge reserve, population of approximately 
200. 
3. Kempsey town - population of approximately 
100. 
4. Mirril'l.inni Gardens -Aboriginal Academy, 
about 50km from Kempsey - population approximately 
50. 
The Communities 
1. Greenhill settlement was chosen for study because 
most of the Aborigines in the Kempsey Shire live 
there. It is a relatively new settlement, mostly 
of people who formerly lived in Burnt Bridge and 
Bell brook. 
The settlement forms a small part of the suburb of 
Greenhill, West Kempsey, about 2 kilometres from 
the town centre on the road to Bellbrook. It 
consists of 27 houses of part wooden and part 
fibro cement, about half of which sit on stilts. 
Whereas the area· is generally well drained and 
dry, it is commonly wet and damp underneath those 
houses that sit on stilt~. 
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There is a Pre-school, and a Medical Clinic 
(Durri AMS) on this settlement. An estimated 
400 people live there. 
Most are unemployed, and occupy their time fishing, 
hunting wallabies and rabbits, collecting pippies, 
cobbera, oysters or (beach) sea worms. Otherwise 
the women weave, visit friends, attend to household 
chores . Card playing and drinking alcohol are 
pastimes, but young men also organise football 
clubs and occasional dances. 
The few that work are employed by the Shire Council 
or by the Saw Mills. 
Children attend schools in Kempsey or at the 
pre-school in Greenhill 
2. Burnt Bridge reserve was where most Aborigines in 
the area used to live. It is situated at Eureka 
Creek near South Kempsey, a few kilometres from 
the town centre. There was no fixed pattern of 
houses or dwellings - there being old mission 
houses, tents and sheds scattered around. Abandoned 
cars lie among the trees. A housing corporation 
(Ngaku) is now building brick houses. Bascially 
it is a dry area, but there were areas around some 
houses and on the untarred road, which were always 
wet and muddy. 
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3. Kempsey Town is similar to other rural N.S.W. 
towns. Houses are of brick or fibro cement, and 
have modern facilities. Some Aborigines live 
there among the rest of the town community. 
4. Mirri~inni. Gardens Aboriginal Academy is about 50km 
·away to the west, near Bellbrook and Nulla Nulla. 
Situated on a hill, it is a Seventh Day Adventist 
settlement, a religious community which is vegetarian 
and whose members do not drink. The dwellings are 
houses and caravans. A school in the settlement 
is run by the community. Water is pumped in from 
a nearby creek. 
Initial Observations 
The first three months of my stay in Kempsey were spent 
getting to know people both in my own time and during 
working hours. This time is regarded as an essential 
part of the project because it is a time to get one 
"accepted" or "rejected" by the community. 
Aboriginal people, I was told, were very suspicious 
of other people, Whilst there was a period when there 
was marked scrutiny mixed with curiosity, their reactions 
did not seem different from reactions of other 
communities to outsiders. Relations were soon casual, 
and lots of friends were made. 
In dealing with such delicate matters as collecting 
stools samples, it is an advantage to be "known" by 
the people concerned. It helps also to assess answers 
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given to questions in the survey. My job as a doctor 
in Durri AMS was an obvious advantage. 
The Board of Durri were informed of my intentions at 
a meeting. They unanimously approved of the idea, 
expressing concern about worms and the health of the 
children, People were then informed I would be coming 
to their houses. Part of this time was also spent 
examining stools obtained from the children's ward of 
KDH. 
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Survey 
Sampling was done by a systematic method, selecting 
every second house in the chosen areas,(Fig 3•4lbut in 
Kempsey town in two areas where Aborigines lived, the 
sample was selected using random numbers. 
The chosen population was studied by means of a structured 
interview using a question~ire; personal observations; 
stool examination; physical examinations; and blood tests. 
Ninety-two persons had their stools examined, of which 
seven had stools re-examined after six months. Twenty 
five households were interviewed. 
Physical examination and blood tests were done on thirty 
people. 
The interview was carried out using a form (see appendix) 
devised to get information on socio-economic conditions, 
and health attitudes of people. The first part concerned 
the dwelling place, and observations were noted by the 
interviewer. I carried out all interviews except for 
three by an Aboriginal Health Worker, Bill Donovan. It 
was intended to interview the head of each household, 
but where he was not available, the adult of first 
contact was interviewed. 
After explaining the aims of the study, an adult (usually 
the head of the household) was given universal wide-
mouthed plastic containers with screw caps and wooden 
- 'tul as for use by each member of the family. 
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For small children faecal containers with attached spoons 
were provided. The procedure for collecting stools was 
explained, including approximate amount needed, and it 
was also explained that is was preferred to examine the 
stools on the day they were passed. The times when stools 
were passed was to be written on the containers. 
Each container had an identification which showed the 
area the house was in, its number, street; sex of the 
person, initials of their name, and their age. For example 
a 12 year old girl living at number 36. Dave Sands Street, 
Greenhill, and with the initials XY will be identified 
as; G36DFXY12 
Where: 
-
G = Location = Greenhill 
36 = house number 
D = street = Dave Sands 
F = sex = female 
XY = initials of name 
12 = age 
This made it easy to trace the person after stool examination, 
and also gave the assurance of anonymity to the people 
concerned. 
People found to have worms or parasites were to be treated. 
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Stool Examination 
Stools were examined within 24 hours of being passed, at 
the pathology laboratory of Kempsey District Hospital (KDH). 
Each stool was examined first by direct smear, using about 
2mg of faeces emulsified with saline on a slide and 
examined under a microscope using both low and high powers. 
Then each stool was examined using Ritchie's formol-ether 
concentration technique: 
1 gram of the stool was mixed with saline to make a faecal 
emulsion of 10cc. This was strained through two layers of 
wet gauze into a 15cc centrifuge tube, centrifuged , and 
the supernatant decanted. lOcc of 10% formalin was mixed 
with the sediment and left to stand for 5 minutes. Then 
3cc of ether was added. The container was stoppered and 
shaken vigQJrously, then centrifuged at 1200rpm for 2 minutes. 
The supernantant which included a middle layer of debris 
and fat was decanted after dislodging the debris layer. A 
drop of sediment was pippeted, put on a slide, mixed with 
iodine and examined. 
In addition some of the stools had egg counts performed on 
them using Gordon and Whitlocks technique: 
1 gram of faeces, weighed with Topper-Sauter scales, was 
transferred to a dilution tube, 5ml of water added and 
allowed to stand for 30 minutes. Faeces was then mixed 
with a glass rod, saturated salt solution added to the 
45ml mark, and the tube stoppered and shaken well. A small 
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portion was withdrawn by a pipette and put in a Whitlocks 
egg counting chamber. Under the low power of the micro-
scope, eggs in two parts of the chamber were counted, 
, I 
and divided by two to get the mean. A Clay-Adams 
laboratory counter was used to keep count of the eggs. 
Number of eggs per gram of faeces, was calculated by the 
formula: 
Eggs per gram of faeces ; 
Number of eggs x stool factor x counting chamber factor 
Weight of stool used. 
The counting chamber factor was 200. Stool factor depended 
on the consistency of the faeces. (formed - including hard ; 1; 
mushy formed ; 1.5; mushy ; 2; mushy diarrhoeic = 3; 
frank diarrhoeic; 4; watery; 5). Data was recorded on 
"stool form" (see appendix). 
Blood tests consisted of a Full Blood Count, and 
Erythrocyte Sedimentation Rate (ESR). These were done 
by staff of the KDH. The main areas of concern were 
Haemoglobin (Hb), Eosinophil count, and ESR. 
Physical examination was made up of taking the weight, 
height, and examination of the skin mainly for rashes, 
of the chest for respiratory or heart disease, 
and of the abdomen. 
-~-
Recording Data 
For the purposes of recording data, age was taken as 
the age last birthday. It was divided into the 
following groups:-
0 - 1 year old included birth to the age of 2 
2 - 4 age group (covering children up to pre-school age). 
5 - 14 (school age) 
15 - 44 {Adolescents and adults) 
45 and over- (middle aged to old age). 
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RESULTS 
Ninety two people were examined, which is 12.1% of the 
population (1976 census). There were more males (54%) 
than females (46%) as compared to the 1976 census which 
had more females (51%). 
In addition the sample differed from the census population 
in that most people in the sample were in the age group 
of 2 to 14 years old, as against 5 to 44 in the latter. 
(Fig 5,6). This difference may be partly due to the 
observation that although parents made efforts to get 
stool specimens from their children they were less eager 
to produce their own. 
It was difficult to explain to adults that there were 
different types of "worms" and that Roundworms which 
they knew affected children were just one of these 
types. All age groups were included in the study, 
although there was no representation of those over 65. 
Male 
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However the aim was to examine everyone in a selected 
household and in that way to cover all or most age 
groups. On the whole the response was good though 
persistence and patience was required in some cases. 
In a few cases parents came looking for the surveyor with 
the s pee i mens. 
The crude parasite rate was 71.1%. The adjusted rate* 
taking into consideration the age distribution of the 
census was 62.8%. 
Nine different types of parasites were isolated from the 
stools. Of these 8 are pathogenic while one (Entamoeba 
coli) was considered a commensal. There was a high rate 
of multiple infestation (more than one type of parasite 
in a stool), with most of those examined having two 
types of parasite. 
Trichuris was most prevalent 56.7% (adjusted rate). It 
was present in specimens from all age groups from all 
areas. However, it was more prevalent in children than 
adults, its rate falling sharply after 17 years of age. 
, 'I Peak infestation was among children 'under 6 years of 
age. The prevalence dropped steadily from then on (Fig 7). 
Ascaris was the next most common with a rate of 19.6%. 
It was present in the under 24 year olds. Predominantly, 
it was in those under 6 years of age, with peak incidence 
in under 6 years oldS.(Fig 8). 
*Method used was similar to that used for standardisation 
of a population. 
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Hymenolepis nana followed next with a prevalence of 
16 .1%. 
Under 15 years old were affected, with under 5's having 
highest prevalence. (Fig 9). Entamoeba coli with a 
rate of 13.9% was scattered in different age groups, 
even is over 60's. The 12-17 years old were often 
infested (Fig 10). 
e' 
Giardia had a prevalence of 6.6%. It was found in the 
under 15 years old. Those under 6 years old were most 
affected, with an abrupt drop to half their rate after 
the age of 6 (fig 11). 
There was only one person found with Hookworm, but he 
had just returned from a brief stay in Queensland -
making it difficult to assess where it was picked up. 
Strongyloides was found in one 12 year old - giving it 
an adjusted rate of 0.8%. 
The low rate of the threadworm, (Enterobius vermicularis) 
0.8% - does not reflect the true prevalence of the 
parasite., because it is present in only 5% of stools, 
and the scotch tape test (more efficient for isolating 
it) was not used. 
A 5 year old had H.diminuta (rate of 0.8%). Infestation 
of man with this parasite is accidental. 
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Parasites were common in children (F1g. 12) but were 
most common in the 3 to 5 year olds (Fig. 14). 
Considering "special category" age groups, parasites 
are commoner in pre-school and school age children. (Fig 13). 
Females were infested by parasites more often than 
males, although the difference was not statistically 
significant. However males were affected more with 
H. nana, Giardia and Trichuris. 
Of the areas in the survey, Greenhill had the highest 
prevalence of parasites. Kempsey Town followed closely, 
then Burnt Bridge, with Wirriwinni Gardens having the 
lowest prevalence. For individual parasites the highest 
prevalence of Ascaris, Trichuris, and Giardia was in 
Greenhill. Kempsey Town had the highest prevalence 
of Hymenolepis nana. Of those examined in Greenhill, 
40.4% had Ascaris as compared to 8.3% in Kempsey, 
4.0% in Burnt Bridge, and none in Wirriwinni. 
There were 19.1% with Giardia in Greenhill, B.3% in 
Kempsey, 8.0% in Burnt Bridge, and none in Mirriwinni. 
One third of those examined in Kempsey Town had 
~ymenolepis nana. Burnt Bridge had 28.0%, Greenhill 
21.1%, and there was none in t1irriwinni. Trichuris was 
much more evenly spread with 74.5% in Greenhill, 58.3% in 
Kempsey, 56% in Burnt Bridge, and 12.5% in Mirriwinni. 
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Housing and Sanitation 
Greenhill 
The houses were made of wood on the outside with 
fibro-cement partitions inside. Half of the houses were 
badly in need of repair- had broken windows and doors, 
holes in the walls, and needed repainting. Of the 
remaining half, one eighth were in a satisfactory 
condition, and the rest were in fairly good condition. 
Forty percent of houses were clean inside, 40% fair; 
and 20% dirty. 
The average number of people per house was 7. There was 
a maximum of 12 people in one house and a minimum of 
3 in another. 
The average number of bedrooms was 3. 
Every house had electricity, and used an electric cooker. 
All had (piped} reticulated water available inside 
the house. There were water closet flush-type toilets 
inside every house. These were all working except in one 
house where there was an overflow of the toilet bowl 
whenever it was used, resulting in a messy flood in the 
bathroom. 
Laundry was done in large wash basins in the houses, the 
dirty water being let down the drain. 
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New cli nic of Durri A.M.S. is on bottom r i ght . 
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Sewage disposal for all houses was linked to the main 
town system. Garbage was regularly collected by the 
Town Council workers. 
All the houses were owned by the Land Trust, with rent 
paid at $29 a fortnight. The complaints of most 
people interviewed were that there was no hot water; 
not enough room in the house; and the house needed 
repair and painting. 
Burntbridge 
Six dwellings were surveyed. Of these threewere sheds 
mostly made with corrugated aluminium sheets, and there 
was one tent. 
Two new brick houses have been built since this study 
was carried out. All the houses were in a state of 
dilapidation. The inside of half of them was in a fair 
state, and half were dirty. There was an average of 10 
people per house. 
The highest number of people in a house was 12; the 
minimum number of 6. 
On the average there were 4 beds per house. 
Electricity was available to the area, but supply was 
confined to street lights and to two houses, one of 
which was being used as an office. 
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Reasons given by householders for not availing themselves 
of electricity (by having it connected to their houses) 
were: it was too expensive; and the house was in such a 
state (falling apart) that it wasn't worth putting in 
electricity. 
All the houses had piped water, but half had it at varying 
distances from the house - but not more than 20 metres 
away. The rest had it piped inside the house. 
There was no sewerage system. The toilets were all 
of the pan type outside the house - up to 50 metres away. 
Sanitary men collected the pans regularly. 
Garbage co lle_c_tors attended to their duties, although 
one household complained that their garbage was never 
collected. There was no evidence of overt accumulation 
of rubbish, except the pile up of "junk cars" in some 
areas. However, there was some littering around some 
dwellings. 
Two-thirds of the houses were owned by the Land Trust and 
rented by the occupants. The other third were old Mission 
houses or belonged to the occupants. 
The main complaints of people in this area were: rain 
leaking into the houses; dampness around the house; 
no electricity; no heaters; and no laundry facilities 
... 
....... 
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Family in Burnt Bridge in front of house. 
12 people l ived in the house . 
Demolished house in Burnt Bridge. 
On left is a toilet, on the right are two sheds 
one of which was used as a kitchen . 
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Kempsey Town 
All the houses were in a good state both inside and 
outside. Half were made of bricks and half of 
fibro cement. 
There was an average of 5 people per house, and 3 
bedrooms. All had electricity and used it for 
cooking and heating. Water was reticulated to inside 
the house. Toilets were the flush type and in the house. 
Sewerage was connected, and garbage was collected by 
the Town Council. The houses were owned by the State 
Housing Commission. 
This group was happy with its houses and had no complaints. 
Mirriwinni Gardens 
Half the dwellings in this area were wooden houses 
built by a co-operative effort of the occupants, all 
members of the Seventh Day Adventist church. 
The remaining dwellings were caravans. All were in 
fair condition outside, and clean inside. On the 
average there were 3 people to a dwelling and 2 
bedrooms. Electricity was used for cooking and 
heating. Water came from a nearby creek, piped into 
the houses. Toilets were inside houses and were 
water-closet flush type. Caravans had portable flush 
toilets. There was a relatively free movement of people 
in the area, though some were well established. 
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Alcohol. 
Nineteen people were surveyed. Twelve drank alcohol, most 
at least once a week and some almost daily. There was 
no direct relationship between alcoholic consumption and 
parasitic infestation. The frequency of people with 
parasites was equal among those who did and those 
who did not drink, but the excess drinking of some, with 
its attendant neglect Qf family and especially children, 
may contribute to the high rate of intestinal parasites 
in the community as a whole. Kamien (1978) observed 
the effect of alcohol in disrupting family life in 
Bourke. 
Employment 
Of 19 people interviewed, 17 were unemployed. All those 
interviewed were adult men. A high rate of unemployment 
has been noted in Aboriginal communities. ( Natham, 1980) 
The already high unemployment rate among the general 
population of Kempsey, partly contributes to the higher 
rate among Aborigines. As noted earlier, there are 
few industries in the Kempsey area. Part of the reason 
for the stagnant population of the town is due to young 
men leaving the area in search of work. However, there 
are other factors which affect Aboriginal employment 
apart from the general scarcity of work. Among them are: 
The prejudices of white employers who believe that 
Aborigines "will not do a days work"; lack of training 
to equip them for jobs. Linked with this is the factor 
that when they do get jobs they are of the hard manual 
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type which bring little satisfaction and have a high 
drop-out rate; refusal to move from the area to find 
jobs elsewhere - due to family commitments or otherwise. 
Alcoholism is a factor which may be a cause of unemployment 
as well as an effect of it. 
The· idea that "Aborigines in the area did not want to 
work" was not substantiated. The writer received a 
promise of jobs for willing Aborigines from the manager 
of a large firm. There was a good response by young 
Aboriginal men. However, not one of them was ever 
invited for an interview. One. of these people managed 
to get a job at the hospital. 
On the whole employed people tended to have healthier 
families and better living conditions. They also drank 
less - usually socially- and did not drink daily. 
Thirteen out of fifteen of the households in which the 
head of the household was unemployed, had parasites in 
some members. Of the 2 "employed" households, one had 
no parasites, and stool specimens were not obtained from 
members of the other household despite frequent attempts. 
Health Attitudes 
Most people said they washed their hands after going to 
the toilet, before cooking, and before eating. Those 
with babies washed their hands after changing the nappies, 
and after washing the nappies they threw the water down 
the drain. This response is to be taken with caution 
however, since adults only were interviewed, and children 
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may not follow this habit of washing hands. It was 
also difficult to ascertain whether people were strict 
with the routine of washing hands. There was no relation 
between washing of hands, in the circumstances mentioned 
above, and infestation with parasites. 
Ab&ut two-thirds of people had knowledge of worms causing 
disease. They listed the consequences as; children 
being sick (vomiting); off food; tired; weak; diarrhoea; 
abdominal pain; bad chest; cough; short of breath; 
irritable, and they also said that worms take away food. 
One third either did not know or said worms did not 
cause disease. 
More than one third did not know how a person got worms. 
Of those who knew, most blamed other people, dirty 
fingers, and kids mess (meaning faeces - this term being 
generally used when children defecate around the house, 
or in the house but not using the toilet.), and going 
barefooted - worms get in under the feet. Oogs and cats 
were blamed by a quarter of those interviewed. Others 
blamed food, eating "rubbish like lollies", and 
dirty clothes. 
Over three-quarters of the people interviewed said they 
did not like themselves or their children having worms 
and that they would seek help to get rid of them. A 
quarter said it did not matter or were not sure what 
their reaction would be. There was no relation between 
knowledge that worms cause disease or feelings about 
worms, and infestation with Ascaris (Roundworms). 
• 
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On the subject of what causes disease apart from worms, 
germs and flies were mentioned by most people (79%), 
and 37% said a person got a disease from other people. 
Supernatural spirits were mentioned by 16%; 5% did 
not know; and 26% said it was: cold from being out in 
the rain; rats; drinking too much (alcohol); dirt; 
mosquitoes; drinking dirty water or eating food with 
dirt in it; playing in dirty water; from people not 
looking after themselves ("they must have three meals 
a day"); water running around houses; and people not 
keeping (looking after) their houses. 
The children of 14 out of 19 households wore shoes most 
of/or all day. Those of the other 5 households did not 
wear shoes or did so only occasionally. 
Alcohol intake seemed related to the conditions of 
houses. Grade 1 houses (good outside and clean inside) 
had less people drinking than Grade 2 and 3 which were 
fair to bad. 
The number of people in a house was related to intestinal 
parasite rates. Where there were 1 to 4 people in a 
house, no pathogenic parasites were isolated. (Table 2). 
Parasite infestation was more common (79.5%) in houses with 
5-9 people than in houses with 10-14 people (72.2%) but the 
percentage of multiple infestations was less in the small 
households (47.7%) than in the larger households (60.0%). 
However before a generalization can be made along these 
lines a larger sample would have to be studied. 
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TABLE 2 
PARASITE INFESTATION BY NUMBER OF PEOPLE IN HOUSE 
Number of People 1 - 4 5 - 9 
In House 
Tota 1 Number of 
Parasites isolated 2 64 
from Stools 
Number of Homes 2 10 
Number of People 
Examined in This 2 44 
Group 
Number of People 
Positive 2 35 
% Positive (100}* 79.5 
Multiple 
Infestations 
- 21 
% With Multiple 
Infestations 0.0 47.7 
*Small Sample obtained. 
Entamoeba coli was the only parasite isolated in this group. 
10-14 
29 
3 
18 
12 
72.2 
11 
60.0 
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The educational level of adults was generally up to 
High School level. Some had only Primary Education. 
There was only one in the sample who had been to 
Teacher's College, and two who had been to Technical 
School. There was no difference in parasite rates 
between those who had been to Technical, High, or 
Primary School. 
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Physical Examination 
Of 28 people who had a physical examination including 
height and weight measurements, and blood tests, 6 had 
no parasites and 14 (half) had multiple parasitism. All 
of the 22 who had any kind of parasite had Trichuris and 
those with more than one kind of parasite had combinations 
of H.nana, Ascaris,Giardia, Entamoeba coli, and Strongyloides (1). 
The weights and heights of those between the ages of 2 and 
18 years fell within the normal limitSc of the Growth Charts 
of the United States National Centre for Health Statistics 
(NCHS-1976). (Fig15,16,17,18). The NCHS was chosen from 
amongst existing Growth Charts (for example -Tanner 1965, 
(based on British children); Stuart, 1940's (based on Boston 
children), National Health and Medical Research Council 
(NH&MRC), 1970-72, (based on Sydney children), because it 
has been recommended by the World Health Organisation as 
reference data for comparison of nutritional status. (WHO 1978). 
In general, children in the NCHS chart are slightly shorter 
and lighter in weight than those of New South Wales 
(NH&MRC), but conform to W.H.O. standards. 
Haemoglobin was within normal limits. Eosinophils were 
raised (more than 8%) in 10 persons but 2 of them had no 
parasites. Eosinophilia was not related to any 
particular parasite. The erythrocyte sedimentation rate 
was elevated in 2 out of 9 children, all of whomhad 
parasites. The main findings on physical examination of 
those with parasites were a rash on the face, reddish and 
raw looking skin below the septum of the nose, and darkness 
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under the eyes. One child had a slight cough, another 
had pneumonia (with a history of previous attacks), and 
another had abdominal pain. There were no abnormal 
findings in others. The rash on the face was a macular 
hypopigmented type, not scaly, usually in blotches on 
both sides of the mouth, with an average diameter of one 
cenfimetre. It was not itchy and did not cause any 
discomfort. 
Aboriginal mothers say that when children have this 
type of rash, they have worms. Sister Griffith who 
worked with a Roundworm programme in the Mid-North 
Coast noted this facial rash in people who had the 
worms. (personal communication, Sept. 1980). 
However, although I found it with Ascaris, in a number 
of cases only Trichuris was present. Both Ascaris 
(Jung, Russell,Faust- 1970) and Trichuris (Getz, 1945) 
have been reported as giving rise to urticaria. As 
Ascaris is most easily seen with the naked eye and often 
of more concern than Trichuris, a rash may be attributed 
to it (by mothers and health workers) when it may be 
caused by the smaller Trichuris with whom it may 
co-exist. However, the rash is said to fade on 
treatment with Combantrin - an anti helmintic which 
affects Ascaris but not Trichuris. Further studies 
need to be carried out to clarify the significance of 
this rather distinct rash. 
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Another feature noted with worm infestation (and 
also noted by Sister Griffith) was a redness of the skin 
under the septum of the nose. This was usually 
accompanied by a slight nose-running, and was not 
painful . 
Darkness under the eyes was noted with one case of 
Trichuris only. Threadworms are usually associated 
with this. It is possible the person had concurrent 
Threadworm infestation. In any case it is difficult to 
make a comment on a single case. Aboriginal mothers 
had noted other symptoms of children who had Roundworms 
said as abdominal pain, vomiting, and diarrhoea 2 days 
before passing a worm. The stools were described as 
very smelly. These children were also irritable, and 
had protuberant doughy abdomens. 
An observation made in the study was that those who had 
been treated with the anti helminti.c , Combantrin, 
within the last 3 months had less infestation with 
Ascaris than those who had not been treated or who 
had had it a longer time ago.(Table 3) However 
the difference was not statistically significant. 
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TABLE 3 
INTESTINAL PARASITE RATES IN ABORIGINES OF KEMPSEY SHIRE WITH REGARD TO 
ANTIHELMINTIC (COMBANTRIN) TREATMENT 
Parasite Species Number and percentage infected {% in Brackets Total Posit-, 
Group treated with Group with no treatment ive. 
Combantrin within or treated more than 
last 3 months 3 months ago. 
Trichuris 16(50) 34{43.6) 50 
Ascaris 5(15.6) 14{17.9) 19 
H. nana 6(18.8) 12 ( 15 .15) 18 
H.Oiminuta -( 0.0) 1( 1.3) 1 
Giardia 3( 9.4) 6( 7.7) 9 
Entamoeba coli 2( 6.3) 10( 12. 8) 12 
Strongyloides -( 0.0) 1( 1. 3) 1 
TOTAL 32 78 110 
% OF POSITIVE 29.1 70.9 
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Egg Counts 
Wonn eggs were counted using the Whitlocks egg counting 
technique. 
10 of the positive stools were examined by this 
technique. 
Ascaris - There was an average of 129,450 eggs per 
gram of faeces. The maximum number of eggs per gramm 
was 235,200. 
Ascaris wonn load is considered light when the egg count 
is less than 1,900 per gram of faeces. It is heavy when 
the count is more than 200,000 eggs per gr?m. 
H.nana - An average of 238,400 eggs per gram, with a 
maximum of 460,000. 
Trichuris - Average number of eggs was 8,733. The maximum 
number was 36,900 and the minimum 300 eggs per gram of 
faeces. 
For Trichuris, the worm load is considered low or light 
when the count is less than 1,500 per gram of faeces. 
It is high or heavy when it is more than 10,000. 
Although the numbers are small, it seems that there is 
a moderate worm load of Ascaris and a moderate to heavy 
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load of Trichuris. 
This was also the picture from rough estimates of 
all the positive specimens on initial smear examinations. 
Estimates of Giardia cysts varied from light loads to 
very heavy. 
-99-
TABLE 4. 
PREVALENCE OF INTESTINAL PARASITES IN ABORIGINES OF KEMPSEY SHIRE 
Parasites Number Of Crude Adjusted* 
Stools Parasite Rate 
Positive 
(Ratio) 
Rate (%) 
Trichuris trichiura 59/92 64.1 56.7 
Hymenolepis nana 23/92 25.0 16.1 
Ascaris lumbricoides 21/92 22.8 19.6 
Entamoeba co 1 i 13/92 14.1 13.9 
Giardia lamblia 12/92 13.0 6.6 
Necator americanus(Hookworm) 1/92 1.1 2.4 
Strongyloides stercoralis 1/92 1.1 0.8 
Enterobius vermicularis 1/92 1.1 0.8 
Hymenolepis diminuta 1/92 1.1 0.8 
ALL TYPES OF PARASITES 66/92 71.7 62.8 
*Crude parasite rate adjusted to age of Census (1976) population 
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TABLE 6 
PARASITES BY LOCATION -All types 
Location +ve -ve No. % +ve 
Examined 
Green hi 11 40 7 47 85.1 
Burnt Bridge 14 11 25 56.0 
Kempsey Town 10 2 12 83.3 
Mi rriwinni Gardens 2 6 8 25.0 
TOTAL 66 26 92 71.7 
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TABLE 7 
RESULTS OF REPEAT EXAMINATIONS AFTER SIX MONTHS 
All cases were treated after the first examination~ Nc treatment 
was given for Trichuris. 
Sex Age Residence Ist Exam. Repeat exam. 
after 6 months 
Female 7 Greenhill Ascaris, Trichuris 
Trichuris 
Female 11 Greenhill Ascaris, Ascaris, 
Trichuris Trichuris 
Male 6 Burnt Bridge H.nana, Giardia N/S 
Trichuris 
Female 4 Burnt Bridge Trichuris Trichuris 
• 
Male 2 Burnt Bridge Trichuris Trichuris 
Male g Burnt Bridge Trichuris, N/S 
H. nan a 
Male 6 Burnt Bridge Trichuris Trichuris 
H.nana 
Footnotes 
a) N/S = none (parasites) seen. 
* Treatment regime:- Ascaris - Pyrantel embonate (Combantrin) lOmg/kg 
body weight as a single dose. 
H. nana- Niclosamide (Yomesan), 7 day course. 
2g on day 1, 1g on days 2 - 7 (Adults 
and children over 6 years), smaller 
doses for younger children. 
Giardia- Metronidazole (F1agy1),3 day course. 
12 years and over,ten 200mg tablets 
daily; dose reduces with age to 2 once 
daily in 1 - 3 year olds. 
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DISCUSSION 
Aboriginal health has generally been poor compared to the 
rest of the Australian population. 
Part of the picture of ill health observed by many authors 
(Moodie - 1973, Jose et al - 1970, Welch - 1969,1971,1972, 
Kamien - 1978, Coolican - 1973, Cook - 1949, Mackerras - 1959, 
Crotty - 1958) is the presence of intestinal parasites. 
Although there have been few comparative studies done with 
white Australians, the general feeling is that there are 
more parasites in Aboriginal populations than in the rest of 
the community. Dunn (1955) found in school children on the 
North coast an Ascaris rate of 47.3% in Aborigines and 1.7% 
in whites. Other evidences are from Hospital Records and 
personal observations of various people working with 
Aborigines and seeing actual passing of worms. 
The predominant parasites vary in different communities. 
For example, Giardia in Bourke (Kamien- 1978, Coolican- 1973), 
Trichuris in "Coasttown" (Moodie et al - 1974) and Queensland 
(Jose, Welch - 1970). This may be linked with climate and 
different conditions of living in different places. 
The presence and types of worms in Aboriginals at the time of 
white contact is unrecorded. Their type of life (nomadic -
though restricted) may have discouraged intensive contamination 
of the environment. However, in favourable areas of the 
country some parasitism may have occurred. 
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In the Kempsey area, a study done for the Director General 
of Public Health (D.G.P.H.) in the period 1957-59 had 
identified Roundworms as a problem in the area. There 
were also a lot of Whipworms. A programme to try to 
eliminate Roundworms was started, but later abandoned. 
There have not been any studies done since 1959 although 
there have been studies carried out further North in the 
Lismore area. 
An interesting aspect of the present study is that there 
has been a shift of Ascaris infestation from Burnt Bridge 
to the new settlement of Greenhill. (Table 8). 
Although the soil of Burnt Bridge in the past had been 
considered heavily contaminated by worm eggs, they do not 
seem to have been transmitted to such an extent as might 
have been expected. 
Movement of most people from Burnt Bridge to Greenhill may 
account partly for this. The other reason may be that 
because houses are now widely separated in Burnt Bridge, 
infestation may be confined to a family rather than spreading 
among the community. Houses in Greenhill are close to each 
other, so chi 1 dren from nearby houses caul d more easily pick 
eggs up from neighbouring houses. Another factor favouring 
worm transmission in general may be the close community ties, 
which results in constant interaction between the people. 
The area can thus be likened to an institution, where any 
infection is likely to spread from the immediate source of 
infection to others. 
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TABLE 8. 
INFESTATION OF TRICHURIS, ASCARIS, H. NANA, GIARDIA BY LOCATION. 
Ratio of stools positive(% in brackets). 
Location Trichuris H. Nana Ascaris Giardia 
trichiura lumbricoides lamblia 
Greenhill 35 (74.5) 10 (21.2) 19 (40.4) 9 ( 19. 1) 47 41 41 47 
Burnt Bridge 14 (56.0) 7 (28.0) 1 ( 4.0) 2 ( 8.0) 25 25 25 25 
Kempsey Town 7 (58.3) 4 (33.3) 1 ( 8.3) 1 ( 8. 3) IT IT IT IT 
Mirriwinni 1 (12.5) 0 ( 0.0) 0 ( 0.0) 0 ( 0.0) Gardens 8 8 8 8 
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Aborigines living in Kempsey town had a surprisingly 
high rate of parasitism. This was unexpected because of 
the generally better housing and sanitation. The high 
rate of H. nana is again puzzling but the relatively 
lower rate of the soil-transmitted worms - Ascaris and 
Trichuris -may mean that parasites generally are picked 
up ·from other people rather than from soil in the area. 
H. nana which does not need the soil for development may 
flourish where there is a lot of social interaction. 
There is little social contact between Aborigines and 
whites in Kempsey - the main contact between children 
occurs at school. The few white cnildren who were 
examined (in the Kempsey Hospital) had no parasites. 
It would be of interest to study a mixed school to 
find the type of parasites which may be infesting 
white children. 
Overcrowding had a relationship with parasite 
infestation. The more people in a house, the greater 
was the chance of having parasites in the household, and 
of having more than one parasite in a person. The 
reasons may be that:-
1. There is more intimate contact in overcrowded 
houses, so that chances of getting parasites 
are increased - especially Giardia and 
H. nana. 
2. Sanitary conditions may be difficult to maintain. 
For example toilet facilities being inadequate 
to cater for everyone, there is likelihood of 
a line up, and children are more likely to 
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deposit stool in or near the house. Also the house 
is more likely to be untidy, and if some particular 
persons do not take the responsibility of keeping it, 
it may be left untidy. 
3. There are likely to be more children. 
Overall prevalence of intestinal parasites was high, 62.8%. 
However, compared to the previous study (D.G.P.H. -1959) 
the prevalence of the main parasites - Ascaris and Trichuris-
has fallen. Trichuris now has a rate of 56.7%, whereas in 
1958-9 the rate was 67.%. Ascaris in Burnt Bridge has 
decreased from a high rate of 64% in 1959 to 4%; and in 
Greenhill where most of the people have now settled, the 
rate in 1980 was 40.4%, an increase over the 1955 rate of 
30.5% (Dunn). Greenhill houses are much of an improvement 
over those in BurntBridgebut it is surprising that the state 
of the house (i.e. condition of the outside and inside) had 
no relation to parasite infestation. Greenhill also has 
better sanitary facilities. Other studies on the North 
Coast had found a high rate of Ascaris and Trichuris. 
McMillan (unpublished data) in 1966, in Reserves in the 
Upper North Coast found an Ascaris rate of 15.8% and a high 
Trichuris rate of 88%. 
In an interim report Guth in 1970 (unpublished), in the 
Upper North Coast found 46.9% Ascaris and 75% Trichuris. 
Both studies also found high Hookworm rates, 61.9% by McMillan 
in 1966 and 12.5% by Guth in 1970. The study by Guth is still 
ongoing so the present rates may be different from those 
quoted above. 
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In thP present study, Hookworm was found in only one 
person (2.4%) who had had a sojourn in Queensland. 
There has been mention of Hookworm in children in Taree 
120km south of Kempsey, (Martin, E.M. - 1975) but no 
figures were given. However, although the Hookworm 
"belt" has been noted to stop north of Newcastle 
(Lower North Coast) - (Chattergee - 1971) conditions now 
probably do not favour it· south of Kempsey. The 
Upper North Coast seemingly has a high prevalence compared 
to the Mid North Coast. 
The Coasttown Project (N.S.W.) of Moodie, Hausfeld, and 
Frith (1971) found a Trichuris rate of 64.2%, and a 
Roundworm rate of 36.5%. No Hookworms were found. In 
Queensland, the Institute of Medical Research (Q.I.M.R.) 
in 1962 found a Trichuris rate of 63.9%, an Ascaris rate of 
20.5%, and a Hookworm rate of 0.4% in the Aboriginal 
Settlement of Cherbourg. 
In all these Australian studies, the Trichuris rate is 
high and about two or three times higher than that of 
Ascaris. 
The reasons for this may be because:-
1. Anti helmintics have been less effective against 
Trichuris until quite recently with the introduction 
of Mebendazole and Oxantel. There has therefore 
been a reservoir of infection. The Director~General 
of Public Health'ssurvey in Kempsey in 1958- 9, 
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compared with the present study, illustrates this 
point. Whereas the Ascaris ra te has fallen, the 
Trichuris rate has remained similaralthough slightly 
reduced. A related point is that Trichuris treatment 
was often not attempted because of the belief that 
Trichuris is generally harmless unless it is present 
in large numbers . 
2. Trichuris is reported to have a longer life span 
in the human body than Ascaris, which lives for a year. 
3. The soil, climate, and other conditions in the places 
surveyed may favour Trichuris relative to Ascaris. 
Thi s is in contrast to prevalence rates in Benin City, 
Nigeria, where there are four ti ffi2S ~ore Ascaris than 
Trichur is. The rate of Trichuris was 5.9% (Obiami we -
1977) . In Alor Island, South East Indonesia (Joesoefo,l980) 
(annual rainfall - 2, 000mm, temperature -22 to 36°c, and 
climate and vegetation reflecti ve of its proximity to 
the Australian mainl and), Tri churis has a rate of 6.8%, 
with Ascaris at 55 .3%, that i s about eight times higher. 
Both Benin and Alar Island had high rates for Hookworm. 
Of note is the situation in Arkansas, U.S. A., (Howell ,Waldron,l978) 
where hou sing and sanitation are much better than places 
earlier mentioned, the Tri ch uri s, Ascaris and Hookworm 
rates are al l low; 0. 3%, 0.6% and 0.2% respect i ve ly . 
However, pa ras ites which do not need the soil as a 
medium fo r development are re l atively more common. 4% of 
peopl e had Gi ardia, and 3.8% had Entamoeba co li. I t may 
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be inferred that infestation in this U.S. town in mainly 
due to lapses in personal hygiene. 
Giardia is cosmopolitan, and this is borne out in all 
the studies. The prevalence in Kempsey was 6.6%, which 
is lower than in Bourke, {Coolican- 1973), Coasttown 
Project {Moodie et al. 1971) and Upper North Coast surveys 
{McMillan - 1966, Guth - 1970) both unpublished. 
The reason for this is not clear but may be related to 
the living conditions in the places. The Giardia rate 
in Kempsey seems to have fallen going by hospital records. 
Improved conditions in Greenhill such as sewerage, flush 
toilets, washing and laundry facilities, and the habit 
of washing hands after using the toilet which many adults 
practise, may be responsible for the reduced rate. 
On the other hand, there was more Giardia in Kempsey than 
in Benin City, Nigeria {Obiamiwe- 1977), Alor Island, 
Indonesia {Joesoefo- 1980), and Cherbourg, Queensland 
{Q.I.M.R. - 1962). 
H. nana {the dwarf tapeworm) had a high rate in Kempsey 
Aborigines. Similar rates were found by Coolican in 
Bourke {1973) - 16.4% and by Sandars , Q.I.M.R. in 
Cherbourg where a rate of 15.3% was found in 1962. 
Lower rates were found in the Upper North Coast {McMillan -
1.6%, and Guth- 9.4% ) and Coasttown {Moodie et al - 3.4%). 
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McMillan found a high rate of Strongyloides·in the Upper 
North Coast - 33.5%, and Guth (in an ongoing study) also 
in the Upper North Coast area, had noted 6.3%. 
Moodie (1973) in the Coasttown Project, found a prevalence 
of 6.3%. Prevalence in Kempsey was much lower at 0.8%. 
The practice of wearing of shoes by children may account 
for the low rate, though it is not known whether this 
practice was common in the areas surveyed in the other 
studies. Because all the studies mentioned used only 
stools for identifying presence of parasites, Threadworms 
(Enterobius) were either not found or had a low rate. 
Entamoeba coli will be mentioned only in passing because 
is is non pathogenic. Its prevalence was similar in 
Kempsey, N.S.W.; Cherbourg, Queensland; and Benin City, 
Nigeria. Its presence indicated that faeces had found 
its way by one way or another into the mouth. Cherbourg 
Aboriginal Settlement {Q.I.M.R. - 1962) had similar 
parasite types and rates to Kempsey Aborigines in this 
1980 study. 
This is shown in the table below:-
* ** 
Place Ascaris Trichuris H.Nana Strongy. Hook Giardia 
worm 
Kempsey 19.6 56.7 16.1 0.8 2.4 6.6 
N.S.W. ( 1980) 
Cherbourg 20.5 63.9 15.3 0.0 0.4 1.6 
Queensland (1962) 
*As mentioned previously the one case of Hookworm in Kempsey 
had lived in Queensland. 
** Giardia is an exception, with much higher rate in Kempsey 
than in Cherbourg. 
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0.0 0.0 0.0 Coasttown Project, Moodie et al, 1971. 
. . . Coasttown Project 1966/67 
. . . Nth. Coast Director Gen. of Pub. Health., 1958/59 
0. 0 0.0 0. 0 Bourke (NSW), Abor. Coolican, 1973. 
0.4 0.0 0.0 Qld. Inst. of Med. Research, Cherbourg Aboriginal 
Settlement, 1962. 
61.9 0.6 0.0 I Nth. Coast Survey, McMillan,1966, Unpublished 
12.5 0.0 0.0 Nth. Coast Interim Re. Guth, 1970, Unpublished 
46 . 4 . . North Coast of NSW Worm Survey, Dunn T.L., 1955 
16.8 0.0 0.0 Nigeria, Benin City, Obiamiwe, 1977 
28.6 1.3 0.0 Indonesia, Alor Island, Joeseofo, 1980 
0.2 0.4 0.0 USA, Arkansas, Howell et al, 1978. 
58.3 0.0 0.0 lagos, Nigeria, Okpala, 1961 (cone. method) 
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All age groups up to 65 had one parasite or another -
with the older people mostly having Trichuris or 
Entamoeba coli. 
Most people with parasites were under 15 years old, with 
the highest rates in the 3 to 5 year age group. This is 
the pre-school group, at an age when children play a lot, 
and are more likely to contaminate their hands while 
playing in soil. 
Mackerras (Q.I.M.R. - 1956) noted that the incidence of 
helminths was high in the 2 year olds especially in the 
second half of the year (i.e. from 2Y, years on), reaching 
its maximum in the 4th year of life. 
Kamien (1978) found in Bourke that intestinal parasite 
infection was 63% in children under 15, and 18% in those 
over 15. Giardia was the predominant parasite in this 
dry inland area. Most of the people who had parasites 
in Coolican's 1973 study in Bourke were under 10 years 
01 d. -
Of individual parasites, Trichuris (Whipworm) had been 
noted to be widely distributed in the age groups. 
Mack.err.as (1959) in Queensland, noted it was common in 
every age group and frequently occurred in the old. 
However, the prevalence of the infection is known to be 
greater in children. In this study, under 18-year-olds 
had high rates, the highest being in the undel"-6-year • 
olds. Again, since the infection is transmitted by way 
of the soil, the under 6 year olds are more likely both 
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to contaminate the soil and then pick up the 
eggs. 
Entamoeba coli was another parasite distributed among 
most of the age groups. It was most prevalent in the 
6 to 17 year olds, and curiously absent in the 18 to 
29 and 42 to 49 age groups. 
Ascaris (Roundworm) was spread over a wider age group than 
H. nana and Giardia. It affected people up to 24 years 
old. 
The practice of adults in Greenhill Settlement of playing 
cards while sitting in a cleared sandy area, may facilitate 
the picking up of soil transmitted worms. However, most 
of the Roundworms were in children under 6 years old. 
Sandars (1962) in Queensland noted highest incidence in 
2 to 3 year olds, these also being responsible for polluting 
backyards. 
H. nana (Dwarf tapeworm) was found only in the under-
18-year-olds with the under-16-year-olds most affected. 
Mackerras(1956) had similar results, with a sharp reduction 
in infestation after age of 14, and the parasite rare 
in third decade. 
Giardia was also in under 18 year olds with the under 6 
most affected. 
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The only Strongyloides found was in a 12 year old from 
Burnt Bridge. 
There was no significant difference between parasite 
rates in males and females. This had been the general 
finding in most studies. 
Greenhill had the highest rate of parasites. Taking 
into account the improved living ~onbitions compared to 
Burnt Bridge i.e. housing, sewerage, toilet facilities, 
electricity, the high rate means that children continue 
to pollute the soil around houses. Supporting this is 
the rates of Ascaris and Trichuris (soil transmitted 
worms) which are much higher in Greenhill than the other 
places. 
Some children also have the habit of eating clay (pica). 
A 2 year old who had recurrent Ascaris pneumonitis 
presenting with recurrent chest problems including cough, 
fever, belonged to this group. On treatment he passed 
many worms, and the patchy consolidation in his chest 
x-ray disappeared. However, his habit of pica was so 
established that the problem recurred soon after it 
had been resolved. Only a few children were known to be 
engaged in this habit. Adults were not clay eaters, 
and it was not a custom as noted in Aborigines in the 
Northern Territory (Bateson and Lebroy, 1978). 
Overcrowding is also a factor in both Greenhill and 
Burnt Bridge, with 7 or more people in a house. 
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Dogs are more numerous in Greenhill - one household had 
6. Since dogs have been found infested with Giardia lamblia 
they may be partly responsible for the high rate in 
Greenhill -being potential reservoirs of infection. (A 
Kempsey Hospital laboratory technician's dog had Giardia 
lamblia isolated from its stool). There is need for study 
in "this area to find out the role of the dog in human 
intestinal parasitic infections. Dogs may be spreading 
Giardia cysts from their own faeces around the house. In 
addition the habits of dogs of rolling and rubbing 
themselves in sand, may aid in transmitting Ascaris and 
Trichuris. The eggs in the soil may stick on the dog's 
fur, children pick them off the dogs whi 1 e stroking them 
and introduce them into their mouths There were few 
cats or other pet animals on Greenhill Settlement. 
Kempsey town had more H.nana, a parasite not connected 
with soil, but transmitted by the faecal-oral route 
through contaminated hands or objects. Since sanitation 
is much better in the town than on the reserves, it 
cannot be explained satisfactorily why there is more 
H.nana in the town 
t1irriwinni Gardens had the lowest prevalence of parasites. 
It is a religious community with strict rules on diet, 
alcohol and behaviour common to the group. Hygiene and 
sanitation are at a higher standard than in the other 
communities. Washing of hands before meals is generally 
observed because adults supervise children at table. 
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With the exception of Mirriwinni Gardens, housing and 
the condition of houses was not related to the rate of 
parasites. Some areas, for example Greenhill, with 
relatively better housing had more parasites than an area 
with poor conditions 1 ike Burnt Bridge. ~lcMill an ( 1966) 
found a similar situation in the Upper North Coast, 
where those living in poor conditions in Cubawee had 
lower parasite rates than those living in better 
conditions. 
Most of the study population were aware that worms were 
capable of causing ill-health. They expressed concern 
about worms and were willing to seek help to rid their 
children of worms. However a large number did not know 
how worms were transmitted. There is a need for health 
education on parasites since a knowledge of their 
transmission could motivate parents to teach children 
habits that will tend to break the transmission cycle. 
Though there was a high rate of parasitism, the growth 
of the children did not seem to be affected. Their 
weight and height were normal as also was their 
haemoglobin. Aboriginal children in Kempsey were 
generally well fed. However symptoms due to intestinal 
parasites occurred in some of them. 
Entamoeba histolytica cysts were not found. Hospital 
records do not document the amoeba in the area. Though 
it is relatively difficult to identify, it is reasonable 
to assume that it is not present in this area. 
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House on stilts, Burnt Bridge - Area around this house 
was wet and littered. (In the background i s a brick 
house under construction. 
A tent, shed and caravan in Burnt Bridge. 
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CONCLUSIONS 
The prevalence of intestinal parasitic infestations in 
Aborigines of Kempsey Shire constitutes a Public Health 
problem since disabilities can result from infestation 
of most parasites, and Ascaris and Strongyloides are 
potentially dangerous. 
Multiple infestations are common. The younger age 
group are most affected especially the 3 - 5 year olds 
who are also the source of faecal pollution of the soil 
a round houses. 
Toilet training of children by mothers, and personal 
hygenic habits such as washing hands before touching food 
remain the main ways of combating intestinal parasites in 
this area. Supporting this contention are the findings that 
the state of a house or dwelling, the head of a household's 
consumption of alcohol, his level of education, attitudes 
to health, or his religion, had no effect on parasite 
rates. Overcrowded households had nore multiple 
infestations but did not have higher parasitic rates. 
Although there has not been an established relationship 
between dogs and human intestinal parasitic infestations, 
dogs may act as mechanical carries of Ascaris and Trichuris 
eggs. The large number of dogs, especially in Greenhill 
needs to be reduced. The alternative of asking children 
to wash their hands after handling pet dogs will be 
impractical. 
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Most areas surveyed were generally dry, but the area around 
and under houses on stilts were damp and wet. This damp 
area acts as a micro-environment ideal for development 
of helminth eggs. 
Houses on the lower slope of the hill in Greenhill 
settlement were in this category. Provision of houses 
with solid bases will eliminate this type of micro-
environment. 
Public Health measures should aim at improved sanitation 
and hygiene. This will involve provision of facilities 
like sewerage, toilets, piped water in house; health 
educatinn aimed at mothers and school children; 
provision of more or bigger houses to relieve over-
crowding. As an adjunct to these measures, mass 
chemotherapy should be used to reduce loads of the 
common parasites. 
Aboriginal mothers knew about Roundworms, and usually could 
recognise or suspect symptoms in an affected child. Though 
they also knew about Hookworms, they had no knowledge of 
of other intestinal parasites. Simplified explanations 
of the life cycles of 3 selected parasites and the ways 
by which they are acquired need to be given to mothers 
preferably by Aboriginal Health Workers to motivate them 
towards habits that will reduce the risk of their 
children being infested. 
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Films of the 3 parasites; Ascaris (a large Roundworm, 
easily demonstrated, which can be taught as an example 
of a soil-transmitted intestinal parasite), Hookworm 
(as an example of a soil-transmitted intestinal parasite 
that gains entry into the body by penetrating the skin), 
and Giardia (an example of an intestinal parasite that 
is ~ot a worm, and is transmitted directly by faecal 
contamination), can be screened at regular intervals 
to maintain interest in the problem. 
Chemotherapy should be used in conjunction with health 
education and sanitary measures. A safe, efficient 
drug, taken in a single dose and with action against 
multiple parasites is preferred for mass therapy. 
Piperazin~ is safe and is the cheapest of the drugs 
available, but in single dose it is effective only 
against Ascaris. Pyrantel embonate (Combantrin) which 
is supplied to mothers by Durri AMS is safe and effective 
against Ascaris, Hookworm, and Enterobius. Though it is 
more expensive than Mebendazole (Vermox) and even though 
Trichuris is the most prevalent parasite in the area, 
Combantrin seems more appropriate for mass therapy 
because of the single dosage. Vermox has the anti 
helmintic.ac_tion of Combantrin in addition to being 
effective against Trichuris, but it has to b~ given in 
a 3 day twice daily regime. It can be used instead of 
Combantrin in the high prevalence area of Greenhill and 
for pre-school children. Mass therapy needs to be given 
at two monthly intervals to prevent Ascaris and/or 
Trichuris, acquired post treatment, from maturing 
to egg laying stage. 
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Effectiveness can be assessed at six months and again 
in one year. 
Other intestinal parasitism should be treated in the 
clinic or hospital when incidental findings are made 
on stools. 
A statistically significant decrease in parasitic rates 
had occu~d in children in Kempsey since 1977, coinciding 
with the establishment of Durri Aboriginal Medical Service. 
(See Table 16, 2P= < 0.001). Along with this is decreased 
morbidity, and probably worm loads. Sandars (1963) noted 
a general improvement in health, absence of gastroenteritis 
in the summer, reduced hospital admissions and death rates, 
following reduction of helminth load (by mass treatment) 
in children in Cherbourg in 1962-63. 
The finding in this study that growth of children was not 
affected by infestation with parasites may be due to 
decreased worm loads (due to regular treatment with anti 
helmintics), good nutrition and improved state of health 
due to readily available medical care from Durri AMS. 
Hookwol"m which was present in significant numbers previously 
(Dunn, 1g55; and hearsay) seems to have been eradicated or 
pushed into insignificance probably by the practice of 
children wearing shoes regularly, and treatment with 
Combantrin. 
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Incidental findings in the study (though not directly 
related to parasite infestations) were high unemployment, 
alcoholism, and poor housing. 
In the general fight against intestinal parasitism and 
its effects, the other problems of the community such 
as ·the incidental findings above need to be taken into 
account for it is obvious that an unemployed alcoholic 
living in a dilapidated house may not heed health 
education on parasites,and may not buy shoes for his 
children, care about their toilet training, or seek 
treatment if the child has worms. Public Health workers 
must make efforts to help the community they work in solve 
its problems. 
With individual effort at personal hygiene, such as 
washing hands, toilet training by mothers, public health 
measures, including health education and back up 
chemotherapy by a community based medical service, 
the "worm problem" in Kempsey Shire can be overcome. 
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SECTION III 
(REVIEW OF PARASITES) 
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A REVIEW OF THE PARASITES IN SURVEY 
TRICHURIS TRICHIURA (THE WHIPW0Rt1) 
Introduction 
Trichuris was first described by Linnaeus in 1771, Grassi 
first studied its life cycle in 1887, rU1leborn in 1923. 
It has a cosmopolitan distribution but it is more prevalent 
in the moist regions of the world- areas of high rainfall, 
' 
high humidity and dense shade (Cort et al 1926-1938). 
The eggs of Whipworm found in faeces of a frozen Inca 
child, near Santiago (Pizzi and Schenone, 1955) was 
estimated to be more than 450 years old. 
Morphology and Life Cycle 
The Whipworm is typically attached to the human caecum; 
less commonly appendix, colon and posterior-most level 
of ileum. 
Adult worms are shaped like whips, being attenuated at 
anterior 3/5th, and fleshy in posterior portion where the 
reproductive organs are located. Males measure 30 to 45mm 
in length and have the caudal extremity coiled through 360° 
or more. The female measures 35 to 50mm in length and is 
bluntly rounded at posterior end. 
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FIGURE 19 
L•FE CYCLE OF TRICHURIS TRICHIURA 
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)dlfied from Zaman , V ( 1978 ) ATLAS OF MEDICAL PARASITOLOGY , ADIS Press , ydne~ 
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Eggs are barrel shaped with prominences like mucoid 
plugs at both ends. They measure 50 to 54 microns by 
22 to 23 microns, and have bile stained shells. Estimates 
of number of eggs laid by a female a day range from 
1,000 to 46,000, with an average of about 6,000. When 
passed in the stool they require 10 to 14 days in the 
soil for embryonation. 
Spindler (1929) demonstrated that moisture is essential 
for development of the eggs. Infective stage is reached 
in 21 days. 
Humans are infected by swallowing fully embryonated 
eggs. The shell is digested in the intestine, and the 
larva which emerges temporarily reside in the crypts 
of the intestine, later going to the site of its adult 
attachment. It grows into an adult in 3 months, and 
may live for 5 to 10 years (Beaver, 1961). 
Epidemiology 
The eggs are much less resistant to temporary drought 
and heat than are Ascaris eggs. They will not usually 
develop to infective stage on hard clay, ashes, 
cinders, and will not survive direct sunlight, intense 
cold, and putrefying medium or action of many chemical 
agents. Even in a moist atmosphere a moderately dry 
film of faeces will support survival for not more 
than 2 weeks. 
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Areas of high incidence are usually those polluted by 
small children, who are often more commonly infected 
than are adults. The greatest prevalence occurs 
typically in children of primary school age who contaminate 
door-yard soil with their faeces, and later pick up the 
fully embryonated eggs on their fingers and transfer 
the· eggs to their mouths. (Jung and Beaver, 1952). 
Man is the principal host, but it has been recorded in 
monkeys, lemurs, dogs and cats. 
Pathogenesis 
The pathogenicity of Trichuris trichiura has not always 
been universally accepted. Kouri and Valdez Diaz (1g53) 
claimed that two strongly opposed opinions prevail:-
1. One group, particularly those workers from areas 
where infection is mild, makes light of the 
infection regarding it as little more than a 
harmless commensal. 
2. The other group, which includes most workers in 
developing countries, believe that it can be 
markedly pathogenic, causing inflammation, 
ulceration and in some cases death. 
The current consensus is that light infection causes 
no symptoms, whereas heavy infection does. 
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Kouri and his colleagues described a condition which 
they termed "Massive infantile trichuriasis" which 
resists all treatment and ends fatally. Inflammation 
of the descending colon and sigmoid colon occurs with 
haemorrhage an.d mucopurulent stoo 1 s and often with 
recta 1 pro 1 apse. 
Guilliani (1956) reported the presence of Trichuris in 
2% of 150 appendices removed, and found that the worms 
were more common in chronic appendicitis than in acute 
and subacute. 
Ballesteros Burnudez and Burgos Courlaender (1956) 
reported a chronic diarrhoea syndrome caused by Whipworm. 
Impaired water re-absorption in the colon probably 
results in the diarrhoea. (Mathan & Baker, 1970). 
The exact mechanism by which Trichuris affects human 
host is not known, but two important processes at work 
are a) traumatic and b) toxic effects. Trauma to the 
mucosa of the bowel occur, especially when a large number 
of worms are present. The worms secrete a lytic 
substance (Hoeppli, 1930) and may possibly suck blood 
(Brown- 1934, Chitwood- 1937). 
Caldwell and Caldwell (1929) stated that the symptoms of 
this disease are not necessarily correlated with the number 
of worms, although heavily infested patients have more 
demonstratable manifestations. An egg count of 30,000 
or more per gram of faeces (indicating presence of several 
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hundred worms) was found by Jung and Beaver to produce 
definite symptoms. 
Wong and Tan (1961) from the Paediatric Unit of the 
General Hospital in Singapore reported that Whipworm 
infections were not always mild and symptomless. 
With heavy infection, chronic dysentery and blood loss, 
anaemia, abdominal pain and tenesmus, ulceration of 
rectal mucosa and prolapse of the rectum may occur. 
Winship (1959) from South Africa reported anaemia, rectal 
prolapse and bleeding ulcers (on sigmoidoscopy) in patients 
most of whom were children from 2 to 5 years. 
Layrisse et al (1967) investigated the blood loss due 
to infection with Trichuris. He reported 9 children 
harbouring Whipworms, and no other parasites of 
significance, to be losing 0.8 to 8.6 ml of blood per 
day, with a mean of 4.1ml. The blood loss was roughly 
proportional to the number of worms recovered - which 
in the study was 86 to 3009. 
Hartz (1954) who made a study of the colon in Trichuris 
infection in children, believed that the only lesion that 
could be attributed to the infection was mechanical 
compression of the cells of the colonic mucosa. He claimed 
that in view of the fact that Trichuris is seldom found 
without associated infections with other parasites, shigella 
and malnutrition, these factors must be excluded before 
accepting Trichuris as the cause of symptoms like anaemia. 
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However, Swatzwelder (1940) made a detailed analysis of 
81 cases of uncomplicated trichuriasis and his results 
suggested that Whipworm per se can cause symptoms and 
illness. The patients were from 6 to 15 years, and 
the most frequent symptoms were abdominal or epigastric 
pain, vomiUing, constipation, fever, distention and 
. 
flatulence, headache, loss of appetite and of weight. 
Urticaria and other allergic manifestations may occur. 
Toxic symptoms like nervousness, insomnia, loss of 
appetite, occur in some cases. Getz (1945) reported 
associated sumptoms of oedema of the face and hands, 
dysphoea,cardia:c dilatation, insomnia, sympathetic 
nervousness, occasionally epilepsy, and rarely urticaria. 
Oe Carneri et al (1968) investigated the part played by 
Trichuris infections in delayed mental and physical 
development of children in Northernltaly. Of the 
359 children examined 223 had Trichuris infection and 
only 19 had Ascaris. All patients with Ascaris also had 
Trichuris. 47.6% of the Trichuris infected children were 
found to be normal mentally and physically. The rest had 
some disturbance of growth which in 14% was considered 
pathological. With regard to scholastic progress, of 
88 children with a high or medium worm load (equal or 
more than 10,000 eggs per gram) 40 were retarded by one 
year or more. 
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Diagnosis 
Definitive diagnosis is made by finding the characteristic 
barrel shaped eggs in stool examinations. 
Infestation cannot be known by symptoms. In severe 
infections the clinical picture may resemble Hookworm 
disease, acute appendicitis, or amoebic dysentery. 
Treatment 
It has been difficult to treat Whipworm infection 
adequately. But Mebendazole (Vermox) the new drug of 
choice is safe and efficient. The dose is 100mg twice 
a day for 3 days. Gatti et al (1972) got a cure rate 
of 98% in Congolese children, and Chaia and Da Cunha (1971) 
between 84% and 100% in Brazilian children. 
No side effects were reported. 
Oxantel is a recent treatment, with a claimed cure rate 
of almost 100%. (Chanco et al 1973). 
In the Philippines, an oxantel-pyrantel suspension given 
in two doses for one day, is being tried on multiple 
infections of Ascaris. Trichuris and Hookworm. 
Thiabendazole (Mintezol) reduces the worm burden. 
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ASCARIS LUMBRICOIDES (THE"GIANT" ROUNDWORM) 
Introduction 
Ascaris was well known to physicians of ancient times 
since it was one of the most common helminths in all 
parts of the world. The Romans called it Lumbricus 
the present day name for the earthworm. 
It is widely distributed throughout the world, except in 
cold climates. In many tropical countries with an 
annual rainfall of 100cm or more, practically every 
child is parasitized. Even in temperate climates it is 
present. 
Morphology and Life Cycle 
The worms are elongated cylindrical nematodes 
(roundworms), tapering at both ends. 
The rna 1 e worm is shorter and sma 11 than the fema 1 e. 
The male measures 15 to 31cm with diameter 2 to 4mm. 
Females are 20 to 35cm in length and 3 to 6mm in diameter. 
Occasionally worms grow up to 40 to 49cm. Fertilised 
eggs are ovoid in shape with thick transparent shells 
and outer coarsely mammilated, albumious coverings. They 
measure 45 to 75 microns by 35 to 50 microns in diameter. 
Unfertilised eggs are much longer, narrower and 
elliptical in shape. Both male and female may infest a 
person. 
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Fema 1 es 1 ay about 200,000 eggs per day and .1 i ve for 
one year. 
Development of eggs and larva is influenced by 
temperature, moisture and oxygen supply. 
In ·night soil mixtures or in cold dry climate, they 
may remain practically dormant. 
Freezing and dessication not only do not ordinarily 
kill the eggs, but may frequently stimulate 
development. Eggs may remain viable in contaminated 
soil for 5 to 6 years. They are killed at 45 to 50° 
in 30 minutes, and instantly at 100°C. (Unat 1942), and 
do not survive direct sunlight but can survive in less 
shade than Hookworm. Second stage larva develop in 
an average of 20 days. 
Ascaris does not utilise any intermediate host. The 
mode of infection is by ingestion of mature, viable eggs 
containing the second stage larvae. 
The eggs pass through the stomach without hatching, 
but in the duodenum the intestinal juices stimulate 
the enclosed larvae, which emerge through a slit in the 
shell. The larvae are small rhab.d:i.toid, resembling 
the adult. 
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FIGURE 20 
LIFE CYCLE OF ASCARIS LUMBRICOIDES 
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Stewart (1916) first showed that an extra-intestinal 
migration of Ascaris is normally required before they 
can proceed to complete development in the intestine. 
The larvae penetrate the intestinal wall into the 
lymphatics, and mesenteric veins, are carried to the 
right side of the heart and from there to the lungs. 
They are filtered out of the blood, and in a few days 
perforate the walls of the capillaries into the alveoli. 
After a period of growth they migrate to the sma 11 
intestine by way of bronchi, trachea, epiglottis, 
oesophagus and stomach. Some larvae occasionally migrate 
into aberrant foci, such as the peripheral lymph nodes, 
thyroid, thymus and spleen, and even to the brain and 
spina 1 cord, and may give rise to unusua 1 symptoms. 
Following heavy inoculation the larvae may even be 
excreted in the urine; or rarely pass the placental 
filter of pregnant mothers and reach the foetus. 
Arrival in the intestine occurs 5 or more days after 
inoculation. By this stage they have acquired 
resistance to gastric juice (Ransom and Cram- 1921). 
Further development (ecdysis) occurs on the 25th to 
29th day. Adulthood is reached in 2 to 2~ months after 
exposure and fema 1 es begin to 1 ay eggs. 
Pathogenesis 
The lesions produced by Ascaris a1d :he symptoms may be 
divided into two periods: 
1) stage of migration 
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2) adult stage of worm. 
In stage of migration through the lungs, small petechial 
haemorrhages produced by the newly hatched larvae 
penetrating through the intestinal wall into lymphatics, 
veins, liver, are rarely sufficient to produce clinical 
symptoms. 
In the lungs, inflammatroy responses follow their 
activities, especially local eosinophilia. Multiple 
lobular pneumonitis results in some cases. In extreme 
infestation, consolidation of the lung may occur. 
Secondary infection (bacterial) may also set in on lungs 
damaged by parasites, leading to a bacterial pneumonia. 
Clinically the migration period is frequently accompanied 
by a chilly sensation or even a fever and eosinophilia 
may be demonstrated. At times there is bronchial 
irritation, with course rales, dyspnoea, non productive 
cough and occasionally haemoptysis. Larva may be 
recovered from sputum. 
In some patients there may be an urticarial rash. 
Symptoms usually subside by 6th or 7th day after exposure 
but in small children, with massive migration of larvae, 
a fulminating atypical pneumonia may occur. 
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In patients constantly exposed to infection, a chronic 
pulmonary syndrome may be found (Leitch - 1929; 
Gi rges - 1934). 
Rarely Ascaris larvae reach the ophthalmic artery and 
lodging in the small vessels in and around the eyeball, 
produce retinal, choroidal or intracorneal haemorrhages; 
or they may escape into the vitreous .. 
Large numbers of larvae in migration may produce 
hepatitis. 
In persons sensitive to foreign proteins, generalised 
toxaemia or specific nervous symp:oms such as insomnia, 
twitching, restlessness and even manifestations 
simulating meningitis and paraplegia may result. 
The adult worm lives in the lower small intestine, 
feeding on semi-digested food, and at times on bits of 
intestinal mucosa. 
The number of worms in the human bowel may vary from a 
single female or male, to several hundreds. The size 
may vary down to a small pin (newly arrived larva) in 
cases of heavy infestation. 
Patients may not suffer inconvenience where only a few 
worms are present. But even a single worm may produce 
digestive disturbances. The most common complaint is 
intermittent intestinal colic. 
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Adult Ascaris worms and many gut nematodes produce 
substances (Trysin inhibitors) which neutralise the 
the enzymes that digest proteins in the intestine 
(Keller- 1g68). They are presumably to prevent the 
skin of the worm being digested by the host. 
The·; r effect in reducing the amount of protein digested 
by the host may be important in areas where people 
consume minimum amounts of protein. 
Underhahl and Kelly (1957) proved that nematodes may 
exacerbate viral infections especially of the CNS and 
1 ungs in pigs. 
Surgical Complications 
Mildwidsky (1945) outlined complications needing 
immediate surgical intervention:-
1. Sudden ileus from mechanical obstruction by 
worms. 
2. Perforation of bowel particularly in ileo-
caecal region. 
3. Acute appendicitis or diverticulitis. 
Apart from these, -other complications are:-
4. Gastric or duodenal trauma, mimicking 
peptic ulcer. 
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5. Blockage of ampulla of Vater, of common 
bile duct or entry into liver parenchyma. 
6. Acute haemorrhagic pancreatitis (Chin- 1933). 
7. Rarely may cause oesophageal perforation or 
sudden obstruction (Dixey- 1929). 
8. Obstruction of fallopian tube (Maxwell - 1924; 
Sterling - 1936) and blockage of bladder or 
urethra (Carsten - 1927; Liu and Wang - 1941). 
The worm may pass spontaneously per anus, wander into 
stomach and may escape through the nose. It may also be 
responsible for misdiagnosis of abdominal tumour, 
gastric or duodenal ulcer. 
Diagnosis 
Eggs or adult worms found in the stool are the means of 
diagnosis. There may be a low grade anaemia and 
eosinophilia of 7 to 12% or more, but the blood picture 
is not pathognomonic. 
X-Rays of abdomen may incidentally reveal Ascaris as a 
filling defect with the worm's intestine appearing as 
a white line. 
Clinical symptoms range fromnone to grave. There is no 
distinct syndrome. In bronchopneumonia, acute 
indigestion, acute abdomen, icterus, acute pancreatitis, 
loss of appetite, insomnia, nervous state, and even 
ocular disturbances, Ascaris must be considered (Faust -
1949). 
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Epidemiology 
Ascaris affects all ages but is particularly common 
in children 1 to 5 years old. It is essentially a 
door- yard infection (Cort et al - 1936), with children 
polluting the soil with faeces - either because there is 
no ·toilet or they do not use them. Faecal pollution also 
occurs through spontaneous passing of diarrhoeic stools 
by children with gastroenteritis and uncontrollable 
diarrhoea (Moodie - 1973). Infection is picked up in 
the house, under it, or near it (Ewers and Jeffrey -
1971). 
In areas where night soil is used as fertilizer -
consumption of raw roots, stems, leaves, and fruits 
which develop in or near the ground - act as carriers 
of infection (Walker- 1927; Singapore, Faust - 1929; 
Roberson- 1936 in China, and others). 
Fully embryonated eggs are at times taken off the 
ground and carried by air currents. In this way they 
may get into the pharynx and be swallowed. Bogojawlenski 
and Demidowa (1928) in U.S.S.R. found Ascaris eggs in 
· nasal mucus of 3.2% of school children examined. 
Ascaris lumbricoides has on rare occasions been reported 
from the orang-utan, dog, cat, sheep, muskrat and 
squirrel. 
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Various levels of immunity are acquired against parasitic 
helminths. Immunity against intestinal species of 
Roundworms (Nematodes) is thymus dependent. It operates 
by IgG, but some species stimulate high IgE levels and 
iT!Tllediate hypersensitivity which may cause expulsion 
of the worm. 
Treatment 
Piperazine is the drug of choice. None of the treatments 
against the adult worm is effective against the larvae 
during their migration through the body. 
Starting in 1930's, there have been attempts at 
developing a vaccine against worms (from whole worms or 
secreting antigens). Prospects of vaccines against 
Ascaris and Hookworm in man have not been encouraging, 
but vaccines against Hookworm in dogs and Tapeworm in 
sheep and cattle have been more successful (Clegg and 
Smith- 1978). 
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HYMENOLEPIS NANA (The Dwarf Tapeworm) 
Discovered by Bilharz in 1851 in the small intestine of 
a boy in Cairo, the life cycle of Hymenolepis ~was 
worked out by Grassi and Rovell i ( 1887, 1892). 
Morphology and Life Cycle 
Hymenolepis n:ana is a small tapeworm lmm in diameter and 
25 to 40mm in length. Length of adult depends on number 
of worms present, varying from 1 to lOcms. In heavy 
infection they ·are small in size ana large in light infection. 
It is made up of a head or scolex which is rhomboidal 
and has four hemispherical suckers and a short rostellum 
armed with 20 to 30 spines in one ring. The head is 
0.32mm diameter. It has a short neck and the body is in 
segments or proglottids. Eggs are set free by the 
disintergration of the distal-most proglottid. They are 
spherical and measure 30 to 47 microns in diameter, 
containing an onchosphere which has 3 pairs of lancet 
shaped hooklets (see diagram). 
Fully embryonated eggs, recently passed in faeces, on 
ingestion, hatch in stomach or small intestine, and develop 
into mature worms in 2 weeks. There is no need for 
intermediate hosts. Man, rat and mouse are hosts but 
fleas or beetles may act as intermediates. 
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FIGURE 21 
L'FE CYCLE OF HYMENOLEPIS NANA 
Cysticercoid emerges from 
villus 
I 
Onchosphere hatches 
cysticercoid develops 
in villus 
Embryonated egg 
(infective stage) 
MAN 
Adult in 
small intestine 
Embryonated egg 
in faeces 
(diagnostic stage) 
EXTERNAL ENVIRONMENT 
after Zaman, V (1978) ATLAS OF MEDICAL PARASITOLOGY , AOIS Press, Sydney . 
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Epidemiology 
Transmission is from person to person by the faecal 
oral route. Eggs are most effective just after being 
passed from bowel. Infestation is seen more in families 
and institutional groups. 
Adults are less susceptible than children and there is 
a gradual development of resistance to infection and a 
definite resistance to superimposed ~nfection (Bailey -
1951). 
Larva stages of tapeworms are attacked by IgG antibodies. 
Immunity against adult worms in the intestine is thymus 
dependent (Walkelin- 1978). 
Continued heavy infection in man is due to autoinfection. 
Pathogenesis 
Light infestation produces no symptoms. In heavy 
infestations there is a generalised toxaemia following 
absorption of metabolicw~st.es of the parasite into the 
patients system. Donckaster and Habibe (1958) studied 
the symptom complex in 43 patients without 9ther.parasitoses: 
86% complained of headache, dizziness, anorexia, pruritus 
of nose and anus, periodic diarrhoea and abdominal 
distress. 65% were restless and irritable. 2(5%) had 
epileptiform convulsions. 1/3 had eosinophilia in excess 
of 5%. 
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Treatment 
Niclosamide (Yomesan) is the drug used to treat 
infestation with Dwarf Tapeworm. 
It is necessary that the treatmen~ bP given for 7 days. 
Thfs is because there exists in the 1 ife cycle of the 
tapeworm a stage at which the onchospheres are beyond 
any drug contact. they develop in the jejunal villi and 
cerocysts emerge into the intestinal lumen after 4 days. 
The drug is given in a dose of 2g on day 1, and lg on 
days 2- 7, for adults and children over 6 years. Half 
that dose is recommended for 2 - 6 year olds, and a quarter 
of the dose for children under 2 years. Retreatment at 
one month to eliminate late-maturing larval forms give 
optimum results (Davis, 1973). 
-14 7-
HYMENOLEPIS DIMINUTA (The Rat Tapeworm) 
Hymenolepis diminuta is a tapeworm common in the rat and 
mouse. It had also been reported in man in different 
parts of the world. 
Morphology and Life Cycle 
The mature worm measures 20 to 60cm in length. The 
scolex in 0.5mm in diameter. Eggs are also larger than 
those of H.nana - being 60 to 79 microns by 72 to 80 
microns. In addition, the eggs have thicker shells and are 
differentiated from those of H.nana by the absence of 
filaments in the inner membrane. Larva stages of various fleas, 
which act as obligatory intermediate hosts, ingest the eggs 
in faeces of the host. The definitive host (rat or mouse) 
is infected when it ingests the intermediate host. 
Man may become infected by accidentally ingesting the 
flea, or by eating them in pre-cooked cereal infested 
with insects. 
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FIGUQE 22 
iJF~ CYCLLE OF HYMENOLEPIS DlNINUTA 
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GIARDIA LAMBLIA 
Introduction 
Giardia lamblia is believed to have been discovered by 
Dutch microbiologist Antony Van Leewenhoek in 1681. 
He _found the trophozoi.tecSta_ge in his own diarrhoeic . 
stools (Dobell, C. - 1958). 
Lambl in Prague described the parasite in 1869. 
There has been a lack of agreement as to the nomenclature 
of this organism since it was first described. A variety 
of names have bee I'] given for both the genus and species. 
The name Giardia lamblia has generally been used for the 
human species. However past differentiation of species 
was based on morphological measurements as seen by 
the light microscope. With the advent of the electron 
microscope all the 40 odd species were put into 3 species 
groups, based on variations of the median-body. (Filice -
1952). The human species has since been referred to as 
Giardia duodenalis by some, and Giardia intestinaljs by 
others. In this text Giardia lamblia refers to the human 
specieS of the parasite. 
Morphology and Life Cycle 
Giardia lamblia is a flagellated protozoa which exists 
in a trophozoite and cystic stage. The trophozoite is 
pear shaped with four pairs of flagellae. It is bilaterally 
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symmetrical viewed from its dorsal surface and has 
ovoid sucking disc on its anterior half. Two nuclei 
with karyosomes, and median bodies give the appearance 
of a smiling face. (See diagram). 
It measures 9 to 21 p long by 5 to 15 ~ wide by 2 to 
4 P. thick. The trophozoite is acid intolerant and 
lives optimally in alkaline environment between 
pH 6.38 and 7.02 (Haiba- 1954). 
Its normal habitat is the duodenum and upper part of 
the jejenum. The ventral sucking disc permits the 
organism to firmly attach to the intestinal epithelium 
and resist ordinary peristalsis. Trophozoites do not 
survive outside the host and are passed in diarrhoeic 
stools. The flagellae propel the organism from place to 
place in a jerky twisting oscillation. Food is thought 
to be absorbed from the intestinal contents through the 
surface of the body, from the digestive products formed by 
the brush border of the hosts enterocytes (Solovjev- 1968). 
Reproduction occurs when the trophozoite divides by 
longitudinal binary fission. Multiplication also occurs 
during cyst formation. Encystment occurs as liquid faeces 
become dehydrated in transit through the distal small 
intestine to colon. The flagellae retract, cytoplasm 
condense and a hyaline wall is secreted. The ellipsoidal 
cyst is 8 to 12 p long by 7 to 10 p wide. 
::., 
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FIGURE 23 
GtARDIA LAMBLIA 
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Although cysts are rapidly destroyed when dried, they 
may remain viable for weeks under moist conditions 
(Rendtorff and Holt- 1954), and are resistant to acid 
(Thomas, 1g52-1953). 
When infective cysts are ingested they pass unharmed 
through the stomach and undergo excystation in the 
duodenum into two daughter trophozoites. 
The incubation period for giariasis is often between 
7 and 21 days. 
Infections are of relatively short duration, and rarely 
exceeds 3 months. 
Epidemiology 
Giardia lamblia has a worldwide distribution. A compilation 
of 84 stool surveys up to 1g48 showed a prevalence through-
out the world of 7.2% (Belding- 1965). 
Peterson (1972) noted prevalences of 2 to 6% were 
common around the world, with the tropics and subtropics 
having higher prevalence. 
The prevalence of endemic infection in many countries 
varies inversely with socio-economic level and is highest 
where sanitary practices are sub-standard (Boe and Rinisk -
1943, Peterson - 1972). 
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Where giardiasis is endemic, transmission is continuous 
but the infection rate is always lower in adults 
(Mebrey et al, 1932); disease is almost confined to 
young children. In contrast, in epidemic situations, all 
ages may be infected. 
Wright and his colleagues in 1977 reported a survey in 
Colorado in which there was "an increased incidence 
of giardiasis in persons between the ages of 16 and 
45 ... " However, they admit to a possible bias in 
favour of symptomatic patients and missing paediatric 
groups because of the laboratory data used in addition 
to the stool survey. But in Oregon in 1954-55 there 
had been an epidemic involving se~erctl hundred young 
and middle-aged adults. 
Little is known about the natural transmission of 
the organism. Experimental studies with human 
volunteers have shown that water is an efficient 
transmitter of cysts and that the infective does 
(ID50 ) for Giardia is between 25 and 100 cysts 
(Rendtorff and Holt- 1954). 
Drinking water contaminated with infected faeces is 
the suspected mode of spread in most epidemics. It is 
not certain whether the parasite is frequently 
transmitted by contact with an infected person or by the 
faeca 1 ora 1 route in endemic cases. This is tl1e likely mode 
of spread in children especially in institutions and in 
some inter and intra familial outbreaks (Warner, Atchly 
and Wasley- 1963; Wilcox- 1975). 
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The parasite is believed to survive for long periods 
beneath finger nails. 
It has been shown that Giardia cysts can pass through the 
intestine of the fly without being changed (Root, 1921). 
But according to Rendtorff (1954) the common house fly 
is not an efficient transmitter of Giardia cysts. 
Giardiasis is highly contagious, and may be acquired 
in early infancy. In a considerable proportion of 
infected persons immunity is developed as the child 
changes to an adult. Failure of defence mechanisms may 
account for minority with symptoms (Filice, 1952). 
Dancescu and Tintareanu (1963) reported 14% incidence 
in the 3 to 6 month age group in a children's home in 
Rumania. There was increasing incidence with age to 
100% in 2 year old group. Typically the infection reaches 
its maximum frequency at about puberty and then declines 
rapidly after. 
Certain Occupations favour Giardia infection. Sewerage 
and irrigation workers have been reported as having higher 
rates. 
Blood group A persons have hypochlorhydria, and 
Giardiasis is more common in them (Zisman, 1977). 
In volunteers Cannabis induces hypochlorhydria, lowers 
infective dose for Cholera vibrios, and produces a more 
voluminous diarrhoea (Nalin et al, 1978 a,b). Knight (1980) 
suggests that it is possible Giardia infections are similarly 
affected. 
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Hurwitz and Owen (1978) suggested that Giardia lamblia 
is venereally transmitted. This was based on a study 
of three male homosexual patients with recurrent mixed 
infection of amoeba and'Giardia who had oral-perineal 
contact during sexual activities, and on the experience 
of private and public health physicians in San Francisco . 
. 
Giardia has also been found in the vagina (Harris,J.R. 
and Morton, 1973.). 
The host specificity of the various species of Giardia 
is controversial (Levine- 1973). 
The concept of "rigid host specificity" as defined by 
Hegner states that species of Giardia in different 
mammals are highly host specific (Hegner, 1926). 
After reviewing the literature Filice states "there is 
no doubt that the Giardia from some hosts can excyst and 
set up infection in the intestine of a different 
species of host. There is not experimental proof to 
support the concept of rigid host specificity" (Filice, 1952). 
He concluded from structural studies that there are two 
species of Giardia in mammals each with a number of races. 
Giardia muris occurs in the mouse, rats, and hamster, and 
Giardia duodenalis occurs in the rat, rabbit, chinchilla, 
cat, dog, man, and other mammals. Associated with the 
host specificity controversy is an important epidemiological 
point. 
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It has been taught that man is the natural host and 
reservoir for Giardia lamblia. But several recent 
epidemics emphasize the potential of animal res~oirs 
as a cause of human disease. 
An outbreak of giardiasis affecting 80 people in Camas, 
Was~ington, was traced to probable contamination of 
the city water supply by beavers. 
Drinking water from a mountain stream possibly 
contaminated by grazing sheep or beaver (or man) was 
the suspected vehicle of infection in a recent outbreak 
in campers in Utah (Centre for Disease Control, 1974). 
Some authorities believe that beaver, coyote, deer and 
even the dog are res~oirs of Giardia capable of causing 
disease in man. It has been found in pigs and monkeys. 
Padchenko and Stoltarchuk (1969) in Russia, reported 
successful cross-transmission of Giardia lamblia cysts 
from human to dogs. 
In 1977, Shaw et al in New York induced giardiasis in 
puppies by feeding them contaminated municipal water. 
Duncan and Dettmann (1973) reported Giardia lamblia 
in a dog in Victoria. 
Pathogenesis 
There were suggestions by early investigators that Giardia 
lamblia caused diarrhoea (Grassi - 1881; Schewiakoff-
1888; Moritz and Holal - 1892; Fantham and Porter - 1916; 
Miller- 1926) and malasorption of fat (Veghelyi - 1939,40). 
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However in later years there was controversy about the 
pathogenicity of Giardia. Boeck (1927) based on 
statistical data concluded that Giardia was a harmless 
commensal. Many investigators denied the organisms 
ability to cause disease because it was often found in 
healthy individuals. 
·. 
Later investigators including Brumpt (1935) and 
Galli-Valerio (1937) swayed the opinion in favour of 
the concept that Giardia lamblia is potentially pathogenic 
for man. This was demonstrated by the disappearance of 
clinical manifestations such as diarrhoea and malasorption 
after specific treatment i.e. quinacrine, against Giardia. 
Although in many individuals Giardia may not cause symptoms 
it is now generally accepted that acute or chronic 
diarrhoea, steatorrhoea, malabsorption, and small bowel 
lesions may be caused by it (Ament and Rubin -1g72; 
Petersen). 
Mucosal changes in giardiasis vary from normal to 
shortened and thickened villi, acute focal inflammation 
of epithelium especially crypts, increased epithelia 
mitotic figures and chronic inflammation of lamina 
propria. 
Pathogenesis of diarrhoea and/or malabsoprtion is 
unknown. Two postulates are:-
1. The parasites form a mechanical barrier to 
absorption (Veghelyi 1939, 1940) 
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2. Parasite competes successfully with the host for 
nutrients, a toxic substance is released by the 
parasite, and interferes with microvillar 
function or digestive enzyme activity, and mucosal 
irritation results in outpouring of muctus that 
produces crypt obstruction and epithelial damage 
(Zancheck et al, 1963; Yardley, Takano,Hendrix- 1964). 
There are reports of invasion of small intestinal mucosa by 
Giardia trophozoites but tissue invasion is probably uncommon. 
Clinical Features 
Many individuals infected with Giardia are asymptomatic. 
However, infection with this organism may be associated 
with a broad spectrum of clinical manifestations ranging 
from a mild self-limiting enteritis to chronic debilitating 
diarrhoea with steatorrhoea and profound weight loss 
(Welch- 1943; Alp and Hislop- 1969; Heap- 1g74). 
The loss of weight in Giardia infection is due to constant 
dehydration and poor appetite (Hartman and Kyser, 1941). 
Common complaints during the acute stage are diarrhoea, 
abdominal cramps, anorexia, nausea, abdominal bloating, 
and weight loss. 
Less frequent suggested symptoms are flatulence, belching, 
vomitting, low grade fever, headache, and nervousness. 
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Diarrhoea, the most common symptom may be acute and self 
limited, intermittent, or chronic and continuous. 
Symptoms may last from 2 weeks to years, but usually 
for about 6 weeks (Brodsky, Spencer and Schultz, 1974). 
The.sub-acute stage of giardiasis with intermittent 
diarrhoea and anorexia, nausea, bloating, upper abdominal 
discomfort, flatulence, extreme lassitude, foul belching, 
heartburn and weight loss, may mimic peptic ulcer disease, 
hiatus hernia, biliary tract disorders, and pancreatic 
disease. 
Occasionally the gall bladder is parasitised, being then 
associated with gall bladder colic and jaundice. 
Webster (1958) reported 6 patients with Giardia lamblia 
infection and urticaria lasting 1 to 6 months. The 
urticaria disappeared after eradication of the infection. 
Growth failure and chronic diarrhoea are prominent symptoms 
in some children with giardiasis. 
laboratory Findings 
White Blood Cell Count (W.B.C.) and Erythrocyte 
Sedimentation Rate (E.S.R.) are usually normal. 
Eosinophilia is rare, Serum Immunoglobulin (IgE) is 
normal. 
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Malasorption of fat, Vitamin A, glucose,lactose, d-xylose, 
folic acid and vitamin s12 has been demonstrated in patients. 
Lactose intolerance caused by Giardia can usually be 
reversed by elimination of the parasite. But the lactose 
intolerance may persist for months after eradication has 
taken place, depending on the mucosal damage (Wolfe, 1975). 
X-Ray appearance of small intestine is normal, but a wide 
spectrum of abnormalities may be seen (Petersen, 1957). The 
abnormal findings have been attributed to diffuse mucosal 
inflammation, though not specific for Giardia - and disappear 
after treatment. 
Diagnosis 
Trophozoites of Giardia can be found in diarrhoeic stools. 
In formed stools the cysts are found. There is greater 
yield on stool samples using concentration methods. Repeated 
stool examinations may have to be done. 
Duodenal aspirate may be necessary to establish a diagnosis 
when repeated stool examinations are negative in a 
symptomatic patient. 
Faeces of 10 to 15% of infected individuals do not show Giardia 
(McGrath, O'Farrel, Bolan- 1940; Hoskins et al 1967; Alp and 
Hislop- 1969), and intermittent shedding of cysts in faeces 
(Rendtorff and Holt- 1954) is a feature of giardiasis. 
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Stools may be negative for 2 to 30 days •. However, 
up to 900x106 cysts may be passed daily. There is no 
reliable serological test for Giardia. 
Treatment 
There is no ideal drug for eradicating Giardia. Drug 
regimes in cases have to be repeated. Metronidazole 
(Flagyl) is the drug of choice. Standard dose is 250mg 
three times a day for 10 days. Shorter treatment regimes 
with higher doses are also used. 
Cure rates range from 71% (Anderson et al, 1972) to 
85- 100% (petersen, 1972; Heap, 1974). However reports 
that it is carcinogenic and teratogenic in rodents 
(Rustia and Shubik, 1972) and mutagenic in bacteria 
(Voogd et al, 1974) may put it out of favour. 
Quinacrine (Atabrine), an earlier drug was displaced 
from first position mainly because of its frequent side 
effects such as dizziness, headache, vomitting. It is 
given in a dose of 100mg three times a day for 5 to 
10 days, and has a cure rate of over 80%. 
Tinidazole (Fasigyn) is also effective as a single 
dose of 4 tablets(= 2 gms). 
Furazolidine (Furoxone) is considered by Wolfe as 
the drug of choice for children. 
Erythromycin has been reported as effective by Tronca (1976). 
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Prevention 
Giardia lamblia cysts, the infective stage of the 
organism, survives for weeks to months in cold or 
tepid water but are killed at 50°C. 
Since contaminated water has been the suspected 
vehicle of spread in most epidemics, especially in 
travellers, it is recommended that only boiled water 
or bottled water be drunk, or bottled carbonated 
drinks, beer, wine; and only food that is adequately 
cooked must be eaten. 
Giardia cysts survive in 0.5% chlorinated water for 
2 or 3 days (Wolfe, 1975), but they are killed by 
iodine. Therefore iodine can be used to disinfect 
traveller's water. However, in cold weather water 
may have to be boiled, as cysts may persist at 3°C. 
(Jarroll et al, 1980). Preventive measures in 
endemic areas include: sanitary disposal of faeces, 
protection of water supplies against faecal 
contamination, and education of the general public 
in personal hygiene, particularly hand washing after 
defecation and before preparing or eating food. 
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STRONGYLOIDES STERCORALIS 
Introduction 
Strongyloides was first found in the faeces of French 
colonial troops suffering from uncontrollable diarrhoea 
in Cochin China by Normandy (1876). 
·. 
Studies by Looss (1899 and 1905), Durme (1902), Ransom (1907) 
and Fulleborn (1914) showed that the infective stage larva 
of Strongyloides usually entered the body by way of the 
skin, passed through the blood stream to the lungs, emerged 
into the air sacs, ascended the respiratory tree to the 
epiglottis, were swallowed and on arrival in the intestine 
developed into the parasitic generation. Fulleborn 
suggested autoinfection on the perianal skin. Nishgori (1928) 
and Faust (1932-36) demonstrated that there was an internal 
autoinfection through the colon. 
The worm is primarily adapted to warm climates. 
Morpho 1 ogy and Life Cyc 1 e 
There are both free living and parasitic forms. 
The parasitic female (there are no parasitic males in man) 
measures 2.2mm by 0.04mm, and is a colourless, semi-trans-
parent filariform nematode. Eggs hatch inside the host, 
and the rhabditiform larva is expelled with the faeces. The 
larva is 225P by 6V, and differs from that of Hookworm in being 
slightly smaller. 
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and having a shorter buccal vestible and a larger 
genital primordium. (Bearup, 1960) After a short 
feeding period the rhabditiform larva moults in 30 
hours into a long, slender, non-feeding, infective, 
filariform larva- which can remain alive in the soil 
for several weeks. 
Free living generation live in top soil. They are made 
of sexually_ reproducing males and females which produce 
eggs from which larvae develop. 
In places where there is warmth, moisture and abundant 
faecal material in the soil , the rhabitoid larva may 
feed and live wholly in the soil. 
When unfavourable conditions develop, the free living 
form changes to an infective stage larva (filariform). 
On contact with skin (or less frequently with buccal 
mucosa) of human beings, the filariform larvae 
penetrate to the small cutaneous blood vessels and are 
carried through the right heart to the lungs. Here 
they break out of pulmonary capilliaries into alveoli 
where they develop into adolescent worms (Faust, 1933). 
If both males and females are present, fertilization of 
the adolescent females may occur in the bronchi, 
trachea, or later after the worms have reached the 
intestine. The male rhabitoid adult is not a tissue 
parasite and is passed out in the faeces after a 
brief stay in the body. The female usually develops 
parthogenetically. Some of the adolescent females of 
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Strongyloides stercoralis at times enter the epithelium 
of the bronchi or trachea where they lay their eggs, 
but the majority pass up the respiratory tree to the 
epiglottis, are swallowed and on reaching the intestinal 
tract, migrate into the mucosa, mature and begin to 
deposit eggs in the tissues. Incubation period in man 
is 28 days or less. Females lay several dozen eggs a 
·. 
day. These hatch in the tissues and the larva migrate 
to intestinal lumen, pass down with food and are 
discharged in the stool. The duodenum and the jejunum 
are usually parasitised. 
Auto-infection occurs when some larvae in transit down the 
bowel change to infective stage and invade mucosa, going 
through veins to lungs, and later maturing in mucosa. 
At times filaTiform larvae in freshly passed stools may 
penetrate perianal or perineal skin to cause re-infection 
(Caplin - 1949; Napier - 1949). Occasionally, in persons 
with lowered resistance, larvae may invade deeper tissues, 
gain access to mesenteric venules, and initiate fatal 
autoinfection by internal route (Nolasco and Africa -
1937; Torres and Pennade Azevedo - 1938; Faust and 
De Groat- 1940 and Ophiils - 1929). Cases of human 
infection of many years duration have been ascribed to 
auto-infection. 
The complete life cycle of Strongyloides stercoralis 
consists of one or more of the following phases at some 
or at different periods of development:-
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1. Indirect development - free living to parasitic forms. 
Usually occurs in moist tropics. 
2. Direct development - a primary human infection in 
which the parasitic stage is necessary, and is usually 
in temperate climates. 
3. ·.Auto-infection. 
Epidemiology 
Stoll in 1947 estimated a worldwide prevalence of 34.9 million. 
Incidence is low in children below 5 years. However of 9 
children seen at the Royal Alexandra Hospital for Children 
in Sydney with strongyloidiasis in a 3 year period, 6 were 
aged between 7 months and 2 years 4 months (Walker-Smith.1969; 
McMillan et al). 
Males are more affected than females. Agricultural labourers 
in contact with contaminated soil in the tropics have the 
highest incidence. In temperate zones the incidence is 
highest in mental hospitals and institutions. 
Man, dogs and chimps may be affected. (Faust et al 1970). Though 
dogs are reservoir hosts, they have a low incidence - 2% in 
Montreal (Choquette and Gelinas,1950). Man is responsible for 
perpetuation of strongyloidiasis. Incidence may be reduced by 
sanitary disposal of faeces, and protection of skin from 
contact with contaminated soil. 
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Pathogenesis 
High eosinophilia and giant urticaria usually develop 
in the acute stages of infection, especially on 
re-exposure {Jones, 1950). 
Qn .. invading the skin, the larvae produce petchial 
haemorrhages at the site accompanied by congestion and 
oedema. Some adult females may invade the bronchial 
epithelium, producing disease. Young worms passing 
through the lungs may produce symptoms simulating 
bronchopneumonia, at times with consolidation. 
Invasion of intestine produces mucous diarrhoea usually 
alternating with constipation. 
No.1 as co and Africa { 1936) reported para lytic ileus as 
a result of massive invasion of bowel. 
Kyle, McKay and Sparling {1948) described internal 
auto-infection with filariform larvae present not only 
in the intestinal wall, but in myocardium, lungs, 
trachea, liver and gall bladder. 
Abdominal pain, lassitude, nausea, and vomitting have 
been other symptoms. 
Walter, Blake and Downing (1976) described 3 cases of 
partial intestinal obstruction due to Strongyloides 
in Aboriginal children in Darwin. Walker-Smith, McMillan 
et al (1969) described a case of small-bowel obstruction 
due to strongyloidiasis in an infant. 
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Genito-urinary strongyloidiasis has been reported by 
Whitehall and Miller (1944) in Panama - with faeces 
negative but urine positive; and also by Redewill (1949). 
The parasite can live quietly in the human body for 
up to 36 years, and then triggered by malnutrition or 
altered immune mechanism, reproduce exceedingly resulting 
in often fatal hyperinfective state (Brown - 1958; 
Stern - 1971). 
In 1980, the Department of Medicine of the University of 
Western Australia examined 160 ex-service men who had 
been prisoners of war in South-East Asia during 1942-45, 
for Strongyloides stercoralis. Larvae were found in 44 
(27.5%) who had therefore been infected for 34-37 years. 
Diagnosis 
The condition is' suspected on the basis of continued 
diarrhoea with excess mucus , pain in epigastrium and 
high eosinophilia. Confirmation depends on finding 
larval or adult stage of parasite in stool or duodenal 
drainage (Jones, 1950). 
Chaia (1962) observed that the presence of Strongyloides 
larvae in faeces varied from day to day. 
If stool is constipated or has stood for some time in 
warm room, Strongyloides larvae need to be differentiated 
from the first larval stage hatched from Hookworm eggs. 
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In pulmonary infections, the sputum contains larvae. 
Treatment 
Thiabendazole (Mintezol) is the drug of choice which 
is effective in a dose of 25mg/kg body weight twice 
' daily for 2 days. 
Pyrvinium e~onate (Vanquin) is an alternative drug 
when used at a dose of 50mg 3 times daily for 7 days. 
(Wong & Galli - 1965; 6rown and Sterman- 1958). 
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HOOKWORM 
Hookworm infection has been one of the major diseases of 
mankind in warm moist climates since prehistoric times. 
Stoll estimated in 1947 that ~th of the world's 
population had Hookworm. The two most important human 
species are:-
1. Ancylostoma duodenale 
2. Necator americanus 
Dubini (1843) first accurately described Ancylostoma 
duodenale. In 1902 Stiles described Necator americanus 
as a new species. 
Morphology and Life Cycle 
The worms are characterised by the presence of oral 
cutting organs, consisting of toothlike processes in 
Ancylostoma and semi lunar plates in Necator. Adults 
are cylindrical, pinkish or creamy grey in colour, 
covered with a thick cuticle. Females are longer 
than males. Ancylostoma duodenale females are 10 to 
13mm in length by 0.6mm in diameter, while males are 8 
to 11mm by 0.4 to 0.5mm. 
Necator americanus females are 9 to 11mm by 0.4mm, and 
males are 7 to 9mm by 0.3mm. 
Daily output of eggs by Ancylostoma duodenale female is 
10,000 to 20,000 whereas Necator americanus produces 
9,000 eggs a day. 
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Fertilized eggs when discharged through faeces are 
usually unsegmented. They are thin shelled and 
ovoidal with average measurement of 60 by 40 microns. 
Embryos die when mixed with urine. 
Th~ most favourable conditions for development of the 
larvae are for the faeces to be deposited in moist shady, 
warm place where decaying vegetation covers a sandy 
loam. Best termperature is 24 to 32°C. It is rare 
in areas with rainfall less than 100cms per year. Eggs 
hatch in 24 to 48 hours. They develop into infective 
larvae which may remain in the soil for several weeks. 
Seldom do they burrow below the top humus of the soil. 
On contact with exposed skin, usually with digital spaces 
of feet, they secure lodgement in hair follicles or 
under scaling fragments of epidermis, and penetrate to 
enter the superficial venules. They are carried in the 
blood stream to the right heart and to lungs, where they 
break out of the capillaries into air sacs. Passing 
up the respiratory tree, to the epiglottis, they pass 
over into the digestive tract to the intestine. Here 
buccal capsules develop to help them attach to the 
i ntesti na 1 wa 11. 
From period of exposure to when female starts to lay eggs 
takes 5 weeks or more. Filariform larvae of Ancylostoma 
duodenale when swallowed will develop into mature worms 
even without passage to lungs (Okamoto-1961; Higo-1962); 
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but this is not the usual course. Necator americanus 
has to pass through the lungs during development. 
70% of worms may be expected to be eliminated within 
a year - in the absence of re-infection - though few 
may persist for as long as 9 years (Chandler - 1935). 
·. 
Epidemiology 
Propagation of the worms depend on:-
1. Adequate source of infection in the 
community. 
2. Habits of defecation. 
3. Appropriate conditions of environment 
(moisture and warmth), and of soil 
(shade, sandy humus with abundant supply 
of moisture). 
4. Opportunity for larva to come in contact 
with skin. 
Seasonal changes in incidence of some species of parasites 
are not infrequent and have often been recorded in the 
literature (Dogiel - 1964; Chubb- 1977). · Ancylostoma 
duodenale show arrested development as a seasonal phenomenon 
(Schad et al, 1973). Larvae acquired during the rainy 
season of one year remained dormant till shortly before 
monsoon of the following year (thus avoiding dry 
unfavourable soil). 
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Pa tho genesis 
Bacteria may enter with Hookworm larva causing "ground 
itch", a dermatitis which can develop into a pyoderma. 
There is little reaction during migration through the 
lungs. (Pneumonitis is rare, as opposed to Strongyloides 
and· Ascaris). 
In the intestine, Hookworm attach themselves to the 
wall and suck blood, Von Brand (194B) suggested that 
Hookworm sucks blood due to need for oxygen which it 
gets from the Red Blood Cells in the low oxygen 
environment of the intestine. A.duodenale sucks more 
blood than N. americanus. There is a daily blood loss 
per worm of 0.05 to 0.3ml, whereas N. americanus 
causes a loss of 0.01 to 0.04. Anaemia of the Iron 
deficiency type develops due to the blood sucking. 
Former attachment sites of Hookworm become ulcers and 
may become infected with bacteria. The degree of 
pathogenic change depends on:-
1. The number of worms. 
2. Age of person 
3. Resistance of the patient 
4. Re-infection. 
Symptoms range from mild anaemia to severe, with 
accompanying symptoms of heartburn, flatulence, feeling 
of fullness in abdomen and epigastric pain (relieved 
by eating bulky foods or clay) low grade intermittent 
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fever, pal~itations and haemic murmurs of the heart -
in moderate cases. In severe cases, the classical 
picture of Hookworm disease exist. 
Skin becomesdry and harsh with a yellow pallor in 
white skinned people. Perspiration is decreased; 
th~ patient is cold, and he craves for bulky material 
to relieve gnawing pain in abdomen. Hair is dry and 
lifeless. There is emanciation of the body, with oedema 
of the face and lower extremities. Children have pot 
belly. 
In late cases, the pulse is weak, there is mental 
dullness, apathy, hypochondriasis, at times melancholy 
and even impotency and incontinence (Matilla - 1951; 
Sanchez Medal and Patron Herandez- 1952). Untreated 
cases die in physical exhaustion, cardiac failure and 
anasarca (generalised oedema). Cardiac hypertrophy 
is a consistent sequel of hookworm disease. 
Diagnosis 
Eggs or hatched larvae are found in faeces. 
Symptoms, e.g. of anaemia, may suggest Hookworm disease. 
Treatment 
Anaemia is treated and haemoglobin built up. At the 
same time, specific treatment for Hookworm is given. 
Bephenium (Alcopar) and Combantrin are effective. 
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In multiple infections; Ascaris is treated first or 
together with Hookworm. This prevents the chance of 
aggravated-- Roundworms migrating to obscure sites. 
Prevention 
~epends on both individual and community effort. 
Good nutrition, health education including life 
cycle of the parasite, treatment, and sanitary 
disposal of faeces, form the base of preventive 
programmes. 
important. 
The use of footwear is particularly 1 
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ENTEROBIUS VERMICULARIS 
Introduction 
The Threadworm of man has been known since ancient 
times. It is cosmopolitan in distribution. Incidence 
of··infection in a given population depends not so much 
on the climate or public sanitation as on personal habits 
of the individuals in that population. 
In general it is more prevalent among populations wearing 
underpants than those who do not. 
Stoll (1g47) estimated world incidence to be 208.8 million. 
Man is the only known host. 
Morphology and Life Cycle 
Adult worms inhabit the caecum, appendix or adjacent 
, portions of ascending colon and ileum - with the heads 
attached to the mucosa of the intestinal wall. 
The worm is spindle shaped. The male is 2 to 5mm by 
0.1 to 0.2mm in greatest diameter (see diagram). The 
female measures 8 to 13mm by 0.3 to 0.5mm, and lays 
an average of 11,105 eggs (Reardon, 1938). 
The infective stage eggs are elongate -ovoidal, 
flattened on ventral side and measure 50 to 60 microns 
by 20 to 30 microns. 
FIGURE 26 
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Eggs are commonly not laid in the bowel, but on the 
perianal and perineal skin by a migrating female. 
Circadian rhythm has been noted in Threadworms 
(Lentze, 1932). Eggs are laid in early hours of night 
(from 9pm to 12 midnight) when rectal temperature is 
low, and the host relaxed. This occurs from 15 to 
43 .. days after ingestion of infective stage eggs (Cram-
1943; Schuffner and Swellengrebel - 1949). They require 
no intermediate host, and mature in about 6 hours at 
body temperature (Cram, 1943). Swallowed infective 
eggs hatch in the duodenum (they do not pass through 
the lungs) but develop on their way co the caecum 
to adult worms. 
Epidemiology 
Transmission is by:-
1. Direct anus to mouth, by finger contamination; 
or through soiled clothing, by people that 
draw their sleeping garments over their heads 
in changing to day clothing (Schuffner, 1944). 
2. Persons in same bed or bedroom are exposed to 
eggs on soiled bed 1 i nen, table tops, door knobs 
and contaminated objects. Pryor (1955) 
demonstrated. E. vermicularis eggs on fur of 
pet cats and dogs which shared same chairs, 
beds, and rugs with infected children. 
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3. Airborne eggs, particularly those dislodged from 
bed linen and clothes, and blown into the air, are 
inhaled or swallowed. 
4. Retro-infection - in moist environment infective 
stage eggs at times hatch on the anal mucosa, and 
·.the hatched larvae migrate up the bowel and develop 
into adult worms. 
Pathogenesis 
Intense pruritus is the main symptom, due to activity 
of females depositing eggs. Skin may be scarified 
by scratching in an attempt to ease the itching. 
Erosion of caecal mucosa may expose sympathetic nerve 
endings and occasion nervous reactions. In children it 
may result in nervousness, insomnia, nightmares and 
even convulsions. 
Neurological manifestations are exaggerated compared 
to actual tissue damage. 
Infected children frequently have shadows under their 
eyes and have loss of appetite. Behaviour symptoms, 
including nail biting, nose picking, grinding of teeth 
at night, inattention and poor co-operation may be due 
to Threadworm (Pryor, 1955). 
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Threadworms may wander into vagina, uterus and fallopian 
tubes, contributing to chronic infection, or forming 
a cyst. 
Noticeable scratching can bring social stigma which in 
turn may foster feelings of shame accompanied by 
neorotic~behaviour. 
Diagnosis 
The Scotch tape test is the best technique for recovering 
the eggs. A Scotch cellulose adhesive tape is held sticky 
side out, over the end of a wooden tongue depressor or 
a microscope slide. The applicator is firmly pressed 
first against one side and then the other side of the 
anal canal where it joins the perianal skin. The tape 
is removed, placed sticky side down in a drop of toluene 
on a microscope slide and examined. 
Eggs may be found in faeces but only in about 5% of 
cases. 
(In the Papua New; ,Guinea Highlands 8% were found in 
faeces but in other regions only 1% was isolated). Eggs 
may also be recovered from scrapings from under the 
finger nails. Adult worms may be captured following an 
enema or while migrating out of the bowel at night. 
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Treatment 
Piperazine is the standard drug, given in a 7 day 
course. There are also effective single-dose treatments -
pyrvinium, pyrantel, and mebendazole. 
Prevention 
Rests mainly on personal hygiene. 
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ENTAMOEBA COLI 
Entamoeba coli was recognized by Lewis (1870), 
described by Cummingham (1871), and Grassi (1879,1888) 
reported its presence in both sic" ard healthy 
individuals. 
'• 
Walker and Sellards (1913) proved in human volunteers 
that unlike E. histolytica, E. toli was a harmless 
inhabitant of the colon. 
It is distributed worldwide, but is more prevalent in 
warm, moist countries. 
Morphology and Life Cycle 
There is both a trophozoite and a cystic stage. The 
former being found in diarrhoeic and the latter in 
formed stools. The trophozoite is a colourless amoebic 
mass with a fluid cytoplasm that can form pseudopodia 
by which the organism moves. It literally flows into 
these outstretches of itself to effect a movement. 
The cystic stage varies in size from 10 to 30 microns 
in diameter. It is bigger than that of E. histolytica, 
and has 8 nuclei in the mature form (compared to the 
others 4). More importantly, E. coli does not invade the 
intestinal tissues. It may be found with red blood cells 
in it. ( Debell, 1938; Tyzzer Steiman, 1938), but this 
is rare and due to ingestion of cells in persons with 
dysentery due to other pathogens. 
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Epidemiology 
Transmission is by swallowing viable cysts. Faecal 
contamination of the hand is responsible. Since it is 
non pathogenic and no symptoms are produced, the presence 
of E. Coli only indicates that faeces has been 
introduced into the mouth, by a contaminated hand 
or object. Infestation occurs from ingestion of 
relatively few cysts. Of 26 volunteers who ingested 
cysts, 8 were infested. One person got infested by 
ingestion of 1 cyst, and 3 persons by 10 cysts. 
(Rendtorff, Holt, 1954). 
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FORM 1 
HOUSE 
1. Type of house: Brick 0 Fi bro 0 Wooden 0 Shed 0 
Tent 0 Caravan 0 
2. General state of house: 
a) Outside: 
·. 
b) Inside: 
Good 0 Falling 0 
Apart 
Clean 0 Fair 0 
3. Number of people living in house: 
,4. Number of bedrooms: 
Holes in 0 
Roof 
Dirty 0 
5. Cooking facilities: Gas 0 Electric 0 Fire 0 
6. Water Supply: Inside house - Yes 0 No 0 
Pipeborn 0 River/ 0 
Creek 
Tank D Well 0 
Other 0 
7. Use of water facilities: Cooking 0 Washing 0 
Clothes 
Bathing 0 
Washing hands: Before 0 
eating 
After 0 
toilets 
After changing 0 
baby 
B. Toilet facilities: 
a) Location Inside 0 Outside 0 House House 
b) Type Chamber 0 Water 0 Pan 0 Other 0 Pot closet toilet 
9. Sewage di sposa 1 : 
10. How are excreta in babies nappies disposed of?: 
11. House: Owned 0 Rented 0 Housing Commission 0 Land Trust 0 
12. Any problems, complaints, comments regarding house?: 
FIRST CONTACT OR HEAD OF HOUSE 
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FORM I I 
HOUSEHOLD 
1. Address: ------------------------------------------------
2. Name: 
3. Sex: Male 0 Female 0 
4. Age last birthday: ___ _ 
5. Marital Status: -------
6. How long have your lived here: All of c=J 
Life 
Less than 0 
5 years 
Less Than 0 
1 year 
7. Where did you live before: ------.--------------------------------
8. Head of household: Yes 0 No 0 
10. Name of all people of household, ages, relationship to head of house: 
12. Occupation of respondent: 
a) Employed 0 
b) Unemployed 0 Pension 0 
13. Education: Univ. 0 Tech 0 
14. Religion: 
15. Diet: a) Staple or usual diet: 
b) How do you eat: Hands 0 
Social 0 
Security 
High 0 
School 
Cutlery 0 
Sickness 0 
Benefits 
Primary 0 
School 
Both 0 
16. Do you think washing hands is important? 1. After using toilet 
2. Before eating 
3. Before cooking 
4. Anytime 
17. Do you wash your hands for 1,2,3,4,? 
18. What do you feel causes disease: 
None 0 
Germs 0 Spirits 0 Other 0 Worms 0 Flies 0 Other 0 
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19. Do worms cause disease: Yes r=J No 0 Don't know 0 
20. How do you get worms? 
21. How do you feel about you or your children having worms? 
22. Oo you drink alcohol? Yes 0 No[] 
If yes, Every day [] Every Week 0 Occasionally 0 
23. Eating habits: Use of 0 Wash hand 0 hands before eating Eat from 0 Eat from 0 communal individual 
plate plate 
Eat in 0 Eat outside 0 Snacks 0 Other 0 house house. 
24. How food procured At home 0 Store D Fishing 0 Hunting 0 
25. Leisure: What type?: 
26. Have you used Combantrim or a worm medicine?: 
Last 0 Last 0 Last 0 Last 0 'lever 0 
week month year 5 years 
27. Do children wear shoes?: Yes 0 No D Usually [] 
28. Habit of defaecation of children? 
29. General observations: 
30. What things in your daily life do you feel help to keep you or your family 
healthy? 
31. What are your major problems?: 
Concerns: 
32 What do you feel you need to improve your life? 
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FORM III 
STOOL EXAMINATION 
1. General observation: 
Consistency: Solid 0 Hard 0 Soft 0 
With undigested material: D 
Semi solid 0 Mushy 0 Liquid D 
2. Colour: Bl-ack 0 
Clay 0 
Brown 0 
Other 0 
Green 0 Yellow 0 
3. Smell/odour: Very pungent 0 
(putrefying) 
Pungent 0 
4. Other relevant description: Blood 0 
Other 0 
MICROSCOPY: 
a) Direct saline film (with 2mg of specimen) 
Fishy 0 
Mucus 0 
1. Parasites Adult 0 Eggs or Cysts D 
2. Dimensions if relevant: 
Hardly any 0 
3. Unusual elements: 9e.g. Charcot-Leyden crystals, cellular exudates etc) 
b) Concentration method + iodine stain: (with lgm of specimen) 
Parasites 0 Eggs or Cysts 0 
Approximate eggs: Many D Few 0 
Egg Counting: i.e. more than 10 per low power field 
D 0 0 D 
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APPENDIX 1 b) 
RECORDING OF RESULTS 
1. STOOL EXAMINATION 
a) Coding Key. 
Variable 
L 
1 
2 
3 
co 
1 
2 
3 
4 
5 
6 
SM 
1 
2 
3 
p 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
. 
Code/Definition 
Consistency 
Solid 
Mushy 
Liquid (diarrhoeic) 
Colour 
Black 
Brown 
Green 
Yellow 
Clay-coloured 
Other 
Smell 
Putrefying 
Pungent 
Other 
Parasites 
Hymenolepis nana 
Hymenolepis diminuta 
Trichuris trichuira 
Ascaris lumbricoides 
Giardia lamblia 
Strongyloides stercoralis 
Hookworm ( A. duodenale or 
N. american us) 
Enterobius vermicularis 
Entamoeba co 1 i 
None 
Example for multiple parasitism, 134 = H.nana, T. Trichuira 
A. lumbr1coides •. 
s Sex 
AG 
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STOOL EXAMINATION 
b) Rt:sults 
JD c co SM p s AG 
la 2 24 1 34 F 2 
b 3 5 2 345 F 2 
2a 2 2 2 34 F 9 
b 3 5 3 34 F 5 
c 1 24 3 3 F 53 
d 1 2 1 3 M 59 
e 1 12 2 3 F 55 
f 2 24 2 3 M 7 
3a 2 4 2 345 M 6 
b 1 2 2 349 M 8 
c 1 2 3 34 F 7 
d 1 12 2 34 F 11 
e 1 13 2 3 F 32 
f 2 24 1 1359 M 10 
4a 1 2 2 34 F 21 
b 3 2 2 3 M 4 
c 3 5 2 34 F 3 
Sa 1 2 2 09 F 62 
6a 1 2 3 39 F 38 
b 2 4 2 1349 M 12 
c 2 34 3 134 M 1 
d 1 2 2 0 F 1 
e 1 2 2 0 M 50 
f 1 2 2 4 F 6 
g 2 2 1 349 F 13 
h 1 2 2 0 F 19 
7a 2 4 2 13 M 7 
b 2 24 2 0 M 11 
c 2 2 2 3459 M 14 
d 2 12 2 34 F 44 
e 1 1 2 13 F 3 
f 2 24 2 15 M 2 
8 
9 
lOa 2 2 .2 349 M 10 
b 2 2 2 39 F 12 
c 2 2 2 1359 M 12 
lla 2 2 2 34 M 15 
12a 1 4 2 0 M 6/12 
b 1 2 2 0 F 62 
c 1 12 2 3 F 21 
d 1 2 2 0 M 61 
e 1 12 2 0 F 40 
f 1 2 2 0 M 20 
13a 2 2 2 13 M 6 
b 2 2 2 3 F 31 
c 2 24 2 135 M 13 
d 2 2 2 13 M 9 
e 1 2 2 0 M 6 
f 1 2 2 0 M 15 
g 1 2 2 3 M 5 
h 1 24 2 13 F 8 
; 1 2 2 0 M 36 
j 2 2 2 123 M 5 
k 1 2 2 136 M 12 
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ID c co SM p s AG 
14a 1 24 2 3 F 4 
b 1 23 2 3 M 2 
c 1 2 2 0 F 22 
d 1 24 2 3 M 24 
e 3 24 2 0 M 3 
f 2 2 2 135 M 6 
15a 1 3 2 0 M 14 
16a 3 2 2 139 M 14 
b 1 2 2 13 M 5 
c 2 4 2 0 M 1 
d 3 2 2 3 M 14 
e 2 2 2 15 M 4 
17a 1 24 2 13 F 4 
b 2 2 2 13 M 9 
c 1 12 2 3 F 4 
d 1 2 2 34 M 4 
18a 1 3 2 09 F 32 
19 
20a 2 2 2 35 M 4 
b 2 2 2 359 M 4 
c 1 2 2 0 M 62 
d 1 2 2 0 F 63 
21a 2 2 2 34 F 3 
b 2 2 2 134 M 4 
c 2 2 2 5 F 2 
22a 3 2 2 13 M 9 
b 2 2 2 0 M 11 
c 2 2 2 3 F 6 
2Sa 2 23 2 0 F 3 
b 2 2 2 0 M 37 
c 2 3 2 0 M 7 
d 1 2 2 0 F 44 
e 1 3 2 0 M 6 
24a 2 34 2 3 F 15 
b 2 3 2 0 F 13 
25a 2 4 2 3 F 4 
b 1 2 2 3 F 4 
c 2 2 2 13 F 4 
d 2 34 2 0 F 4 
e 1 2 1 1 M 4 
VARIABLE 
TH 
1 
2 
3 
4 
5 
6 
SH 
1 
2 
3 
4 
5 
6 
N 
B 
CF 
1 
2 
3 
4 
w 
1 
2 
3 
4 
5 
6 
T 
1 
2 
3 
4 
5 
6 
. 
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HOUSE (Key) 
CODE/DEFINITION 
Type of House 
Brick 
Fi bra-cement 
Wooden 
Shed 
Tent 
Caravan 
State of House 
Outside - good 
Outside - Falling apart 
Outside - Holes in roof 
Inside - clean 
Inside - fair 
Inside - dirty 
e.g. 1 4 Outside good 
Inside clean 
Number of People in House 
Number of Bedroom 
Cooking Facilities 
Gas 
Electric 
Fire 
Other 
Water Supply 
Inside House 
Outside House 
Pipeborne 
River Creek 
Tank 
Well 
e.g. 13 - Pipeborne Water Inside House. 
Toilet Facilities 
Inside house 
Outside House 
Chamber pot 
Water Closet 
Pan Toilet 
Other 
e.g. 14 Water closet inside house 
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sw Sewerage 
1 Yes 
2 No 
OH Ownership of House. 
1 Owned 
2 Rented 
3 Housing Commission 
4 Land Trust 
L Location 
1 Greenhill Settlement 
2 Burnt Bridge Reserve 
3 Kempsey Town 
4 Mirriwinni Gardens 
5 Greenhill School 
6. Bellbrook School 
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RESULTS - HOUSE 
.!Q .h TH SH !! B CF w T sw OH 
1 1 3 26 7 3 2 13 14 y 4 
2 1 3 15 6 3 2 13 14 y 4 
3 1 3 15 8 3 2 13 14 y 4 
4 1 3 26 7 3 3 13 14 y 4 
5 1 3 25 3 2 2 13 14 y 4 
6 1 3 15 8 3 2 13 14 y 4 
7 1 3 26 12 3 3 13 14 y 4 
8 1 3 .~5 7 3 2 13 14 y 4 
9 1 3 14 8 3 2 13 14 y 4 
10 1 3 14 5 3 2 13 14 y 4 
11 2 3 26 6 5 3 13 25 N 4 
12 2 45 2 8 4 3 23 25 N 1 
13 2 3 15 12 6 23 13 25 N 4 
14 2 4 236 10 4 3 23 25 N 1 
15 2 2 25 12 2 3 23 25 N 1 
16 3 1 14 5 3 2 13 14 y 3 
17 3 2 14 5 3 2 13 14 y 3 
18 4 3 14 2 1 2 13 14 y 
19 2 3 26 13 3 3 23 25 N 
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HOUSEHOLD HEAD OR FIRST CONTACT 
VARIABLE CODE DEFINITION 
s Sex 
M Male 
F Female 
AG Age Last Birthdax 
. 
MS Marita 1 Status 
M Married 
s Single 
D Divorced 
w Widow or Widower 
PR Period of Residence 
1 All of life (or 5 years up) 
2 Less than 5 years 
3 Less than 1 year 
0 Occupation 
1 Employed 
2 Unemployed 
E Education 
1 University 
2 TechRical School 
3 High School 
4 Primary School 
5 None 
A Alcohol 
y Yes 
N No 
EH Eating Habits 
1 With hands 
2 Cutlery 
3 Communal Plate 
4 Indivi.dual plate. 
e.g. 13 Eats with hands from communal 
plate. 
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VARIABLE CODE/ DEFINITION 
F Food - How Procured 
1 At home 
2 Store 
3 Fishing 
4 Hunting 
e.g. 2 3 Store/fishing. 
cs Children Wear Shoes 
1 ( Y) Yes 
2 ( N) No 
AH Antihelmintic Treatment 
1 (Y) Yes - How many months ago. 
2 (N) No 
R Religion 
1 Catholic 
2 Church of England 
3 S.D.A. 
4 Other 
5 No Religion 
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RESULTS - HOUSEHOLD 
ID s AG M5 PR 0 E A EH F C5 AH R 
1 F 22 D 1 2 3 y 24 23 y Y2 1 
2 M 59 M 1 2 4 N 23 N Y12 3 
3 F 32 M 1 2 3 y 124 134 y Y6 1 
4 M 21 M 1 2 3 N 124 23 N Y3 3 
5 F 62 D 1 2 4 N 124 23 N Y2 1 
6 M 50 M 3 2 4 y 124 23 y Y6 1 
7 F 21 ·• 5 1 2 3 y 124 23 y Y12 3 
8 F 32 5 1 2 4 y 124 2 y y 1 
9 M 26 M 1 1 23 y 24 2 N N 1 
10 F 60+ M 1 2 4 N 124 2 y Y12 1 
11 M 24 M 2 2 23 y 124 234 y N 1 
12 M 20 M 3 2 23 y 12 23 y N 4 
13 F 40 M 1 2 4 y 2 23 y N 1 
14 F 47 M 1 2 4 N 24 2 N y~ 1 
15 F 51 w 2 2 3 y 124 134 y Yl 1 
16 M 36 M 2 2 4 N 24 234 y Y1 3 
17 M 21 5 2 2 3 y 24 23 y Y1 2 
18 F 36 M 2 1 1 N 24 1 y N 3 
19 F 23 5 1 2 3 y 24 23 y Y2 1 
VARIABLE 
WH 
1 
2 
3 
4 
DC 
1 
2 
3 
4 
5 
6 
WD 
y 
N 
D 
HWCD 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
HWG 
1 
2 
3 
4 
5 
6 
FAW 
1 
2 
3 
·. 
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HEALTH ATTITUDES (KEY) 
CODE/DEFINITION 
Washing Hands 
After Toilet 
Before eating 
Before Cooking 
After Changing Baby 
Disease Causation 
Germs 
Spirits (Supernatural) 
Other people 
Flies 
Other 
Don't know 
Do Worms Cause Disease 
Yes 
No 
Don't Know 
How Worms Cause Disease 
Kids sick (vomitting) 
Bad Chest/cough (chest infection) 
Diarrhoea 
Abdominal pain 
Irritable 
Fit 
Tired and/or weak. 
Short of breath 
Take away food 
Don't know 
How You Get Worms 
Other people 
Dogs and cats 
Dirty fingers 
Kids mess (stool) 
Other 
Don't Know 
How Do You Feel About Having Worms 
Don't like it 
Doesn't matter 
Don't know 
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RESULTS - HEALTH ATTITUDES 
ID 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
WH DC WD HWCD HWG FAW 
1234 14 y 1 12 1 
123 1345 y 589 5 1 
1234 1345 y 19 4 1 
123 134 y 2 23 1 
123 . 1245 y 9 2 1 
12 124 D 10 5 3 
123 5 y 10 6 1 
123 6 N 6 1 
1234 13 D 10 6 1 
123 12345 y 29 34 1 
23 14 D 10 6 1 
123 4 y 10 5 2 
123 14 y 10 35 3 
123 4 N 6 1 
123 134 y 10 6 1 
123 14 D 3 3 
123 14 D 6 1 
123 134 y 147 234 1 
123 1 y 3 35 1 
NOTE: Results recorded may be aggregates -
For example- WH ) means, washing hands after toilet (1) 
123 ) 
Before eating (2) 
and before cooking (3) 
VARIABLE 
HT 
WT 
·. 
(Hb-Wbc-Eos,Esr) 
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PHYSICAL EXAMINATION (KEY) 
CODE/DEFINITION 
Height to nearest tenth of em. 
Weight to nearest tenth of kilogram 
Blood 
Hb 
WBC 
EOS 
ESR 
Haemoglobin 
White Blood Cell Count 
Eosinophils 
Erythrocyte Sedimentation 
Rate 
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RESULTS - PHYSICAL EXAMINATION 
ID AG SEX PAR. HT(cm) WT (KG) Hb WBC EOS ESR 
2b 5 F 3,4 95 13 10.1 15500 8 53 
d 59 M 3 175 85 17.9 10500 11 10 
f 7 M 3 118.5 18 12.9 6500 13 9 
3a 6 M 3,4,5 121 27 11.5 6500 12 11 
b 8 M 3,4,9 127 26 12.4 7 5 
c 7 F 3,4 124 25 12.9 10000 1 8 
d 11 F 3,4 149,5 45 12.5 6000 4 
e 32 F 3 163 66 11.4 5000 5 9 
f 10 M 1,3,5,9 134 34 12.8 10500 4 18 
lOa 10 M 3,4,9 134.5 32 11.7 8500 6 15 
13a 6 M 1,3 113.5 21 11.6 9000 9 
b 31 F 3 170 67 14.4 9500 12 
c 13 M 1,3,5 162 52.5 13.2 9000 7 
d 9 M 1,3 140 31.5 13.8 8500 3 
e 6 M 0 129.5 19 11.6 10500 7 
f 15 M 0 162 59 14.8 9000 7 
g 5 M 3 106.5 16.5 11.4 12000 9 
h 8 F 1, 3 123 24 13.1 9500 3 
i 36 M 0 177 77.5 15.8 7500 20 
j 5 M 1,2,3 106 17.5 13.0 8500 6 
k 12 M 1,3,6 147 36 12.3 7500 10 
14a 4 F 3 108 18 10.8 15500 20 
b 2 M 3 96 14.5 11.5 10000 8 
d 24 M 3 167 90 16.3 10000 4 
e 3 M 0 109 17 12.2 13500 20 
f 6 M 1,3,5 116 21 13.0 7500 7 
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A P P E N D I X . I I 
Tabulated Results 
TABLE 1 
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ABORIGINES OF KEMPSEY SHIRE - AGE AND SEX 
DISTRIBUTION OF CENSUS POPULATION AND OF SAMPLE 
Sex Census Population 
No. % No 
Male 370 48.6 50 
Female 391 51.4 42 
Age Groups 
0 - 1 41 5.4 4 
2 - 4 64 8.4 24 
5 - 14 231 30.4 37 
15 - 44 324 42.6 18 
45+ 99 13.0 9 
POPULATION = 761 (1976 Census) 
Sample 
NUMBER OF PEOPLE EXAMINED (SAMPLE) IN PRESENT STUDY = 92 
PERCENTAGE OF POPULATION EXAMINED= 12.1% 
% 
54.4 
45.6 
4.3 
26.0 
40.2 
19.6 
9.8 
TABLE 2 -221-
PREVALENCE OF ASCARIS AND TRICHURIS IN DIFFERENT AGE GROUPS 
Age ASCARIS & TRICHURIS 
+ve -ve No. %+ve 
Examined 
0 - 1 1 3 4 20.8 
2 - 4 5 19 24 27.0 
5 - 14 10 27 37 16.7 
15 - 44 3 15 18 16.7 
45 + 
-
9 9 0.0 
TOTAL 19 73 92 20.7 
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TABLE 3 
SOIL TRANSMITTED PARASITES (ASCARIS & TRICHURIS) BY LOCATION 
Location No. No. Total % 
Positive Negative Examined Positive 
GREENHILL 36 11 47 76.6 
.. 
BURNT BRIDGE 14 11 25 56.0 
. 
TOTAL 50 22 72 69.4 
2 
X = 2.364 
TABLE 4 -223-
ASCARIS BY AGE GROUPS 
Age +ve -ve No. %+ve 
Examined 
0 - 1 1 3 4 (25) 
2 - 4 6 18 24 25.0 
5 - 14 11 26 37 29.7 
15 - 44 3 15 18 16.7 
45+ 
-
9 9 0.0 
TOTAL 21 71 92 22.8 
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TABLE 5 
TRICHURIS INFESTATION AND AGE GROUPS 
Age No. No. Total % 
+ve -ve Examined Positive 
0- 1 1 3 4 (25) 
. 
2- 4 17 7 24 70.8 
5-14 29 8 37 78.4 
15-44 9 9 18 50.0 
45+ 3 6 9 33.3 
TOTAL 59 33 92 64.1 
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TABLE 6 
NON SOIL-TRANSMITTED PARASITES BY LOCATION: GIARDIA & H. NANA 
Location P A R A S I T E S 
+ve -ve ~~Ami ned %+ve 
Greenhill 14 33 47 29.8 
. 
Burnt Bridge 7 18 25 28.0 
TOTAL 21 51 72 29.2 
x
2 
= o.013 
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TABLE 7 
PREVALENCE OF GIARDIA & H. NANA BY AGE GROUPS 
Age GIARDIA & H. NANA +ve -ve Total %ve 
Examined 
0 - 1 - 4 4 0.0 
. 
2 - 4 2 22 24 8.3 
5 - 14 5 32 37 13.5 
15 - 44 - 18 18 0.0 
45 + - 9 9 0.0 
TOTAL 7 85 92 7.6 
TABLE 8 -227-
INFESTATION OF GIARDIA BY AGE 
Age Group No. No. Total % 
Positive Negative Examined Positive 
0 - 1 - 4 4 0.0 
2 - 4 ·. 7 17 24 29.2 
5 - 14 5 32 37 13.5 
15 - 44 
- 18 .18 0.0 
45+ - 9 9 0.0 
TOTAL 12 80 92 13.0 
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TABLE 9 
HYMENOLEPIS. NANA BY AGE GROUPS 
Age +ve -ve No. %+ve 
Examined 
0 - 1 1 3 4 (25) 
2 - 4 7 17 24 29.2 
5 - 14 15 22 37 40.5 
15 - 44 - 18 18 0.0 
45+ 
-
9 9 0.0 
TOTAL 23 69 92 25.0 
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TABLE 10 
ENTAMOEBA COLI AND AGE GROUPS 
Age No. No. Total %+ve 
+ve -ve Examined 
0 - 1 - 4 4 0.0 
2 - 4 1 23 24 4.2 
5 - 14 9 28 37 24.3 
15 - 44 2 16 18 11.1 
Over 45 1 8 9 11.1 
TOTAL 13 79 92 14.1 
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TABLE 11 
PARASITES -ALL TYPES - BY AGE GROUP 
Age # +ve # -ve Total % 
~xar.1ined Positive 
0 - 1 1 3 4 (25) 
2 - 4 21 3 24 87.5 
5 -14 30 7 37 81.1 
15 -44 10 8 18 55.6 
45+ 4 5 9 44.4 
TOTAL 66 26 92 71.7 
TABLE 12 
Sex 
. 
Male 
Female 
TOTAL 
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RELATIONSHIP BETWEEN PARASITE INFESTATION AND SEX 
(ALL TYPES OF PARASITES) 
II +ve 
34 
32 
66 
x2 = o. 310 
2P = > 1 
II -ve Total 
Examined 
16 50 
10 42 
26 92 
% +ve 
68.0 
76.2 
71.7 
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TABLE 13 
RELIGION AND INFESTATION 
Religion <U 61 Predominant 0~ 0~ 
~ ~ VI f~ Parasite 0 ~ QJ u <U -a (Highest 3) ..., <U 0~ QJ VI <U :J ~ 0 > 
0~ Jl c ~ :J QJ QJ 0~ 
s.. QJ VI 0~ <U >, c ! > > ..., :J <U ~ 0~ = 0~ Cl 0~ 0~ 0~ .J: c s.. 0~ -a c ';;~ ..., ..., VI u 
"' "' "' 
-a s.. 0 0~ 
"' 
0 
0~ c ..., u 
"' 
s.. ~g VI Cl 0.. s.. 0 c ~ . 0.., .... 0 QJ 1- :t: UJ :t: t.!l Vl 0.. z 
"" 0 
Catholic 28 12 9 11 1 6 1 3g 30 9 76o9 Trichuris 
H.nana 
Ascaris 
Church of 4 2 
- 1 - - - 4 4 - 100 - do -
England 
SoDoA. 16 6 3 6 - 3 - 21 20 1 9502 - do -
Other 1 - - - - - - 6 1 5 16o7 Trichuris 
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TABLE 14 
KNOWLEDGE OF DISEASE CAUSATION BY "WORMS" (ASCARIS INFESTATION) 
Knowledge No. No. Total % 
+ve 
-ve Examined Positive 
Worms Cause Disease 6 5 11 54.5 
1. Do not know 3 2 5 60.0 
2. Worms do not 
cause disease 
TOTAL 9 7 16 56.2 
Fishers P = 0.500 
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TABLE 15 
ALCOHOLIC CONSUMPTION AND CONDITION OF HOUSE 
Grade Of House ALCOHOL INTAKE 
Yes No Total % That 
Examined Drink 
1. Outside-good 2 3 5 40 Inside-Clean 
2. Outside-fair 5 2 7 71 Inside-fair 
3. Outside -
falling 
apart. 5 2 7 71 
Inside-
dirty 
TOTAL 12 7 19 63.2 
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TABLE 16 
DIFFERENCE IN INCIDENCE OF PARASITISM AMONG ADMISSIONS TO THE 
CHILDRENS WARD OF THE KEMPSEY DISTRICT HOSPITAL IN THE PERIOD, 
1972 - 76; AND 1977 - 79. 
Year 
1972-76 
1977-79 
TOTAL 
PARASITES 
·. 
Number of 
Stools Positive 
i = 464.94 
2P = <0.001 
1221 
256 
1447 
Number TOTAL 
Negative 
34~9 4720 
2163 2419 
5662 14248 
: .... 
